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POLICY AND DISCLAIMERS

Policy Statement: The Federal Aviatim Administration (FAA) Academy
strangly supports acadamic freedom ard a researcher’s right to publish; there-
fare, the Federal Aviation Administration Academy as an institution does not
endorse the viewpoint or guarantee the tedmical correctness of arty of the ar-
ticles in this jomel.

Disclaimer of Liability: With regpect to articles available in this jomal,
neither the United States Goverrment nor the Federal Aviation Administration
Academy nor any of their employees, makes any warranty, express or implied,
including the warranties of merchantability and fitness for a particular purpose,
ar assures ay legpl liability or respansibility for the acoracy, completeness,
or usefulness of any informetion, apperatus, product, or process disclosed, or
represants that its use would not infringe privately owned rights.

Disclaimer of Endorsement : Reference herein to arty specific comercial
products, process, or service by trade nane, trademark, merufacturer, arother-
wise, does not constitute or inply its endorsement, recomendation, or favor-
ing by the United States Govermment or the Federal Aviatim Administration
Academy.The views and gpinions of authors expressed herein do not state or
reflect those of the United States Govermment or the Federal Aviation Adminis-
tration, and shall not ke used for advertising or product endorsarent purposes.
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PHILOSOPHY STATEMENT

Cormelius Lanczos, a methamtician working in the field of applied analysis,
expressed the history of mathematics in three phases:
1) A given pgyysical situatio is translated into the realm of runders,
2) By purely formal operations with these munbers certain mathematical
results are dotained, [ard]
3) These results are translated back into the world of ghysical reality (1988,
p-D.*

Fomel pepers, in subjects related to aviation, roughly follow the sare course.
However, there appears to be a weskness in aviation research, that being the
anission of the third phase.

Tt is not good enough that aonclusians are dramwn, if those coclusians fail to
improve the system doserved. Clearly, the doserved have a say in implerenting
the aonclusians of research, hut their failure to inplerent the conclusions drawn
by the researcher may be more indicative of a lack of understanding than a lack
of desire. Researchers tend to peer into complex systems as through a soda
straw, forming fomel cpinians an the finite without understanding the carplete
system. Industry, ever mindful of the coplete systam, mey find research irrel-
evant, because it mekes much to do about nothing.

Tre editorial staff, to include those listed as axsulting editors, is comitted
to the improvarent of all individuals within the aviation commnity. We seek to
enhance existing systems bearing in mind that small improvements must not
upset the delicate balance between too little and too much help. We also seek
to pronote safety, not by lip service, hut by demmstration in how we execute
our studies and how we report cur findings.

We feel that the best way to translate results back to the gysical world is to
incorporate the viewpoints of pecple araud the gldee. Without the influence of
a worldwide community, we deny the significance of diversity, and ignore the
perspectives of gifted scientists fran different cortries. It is oxr hope thaet each
reader will feel the sane.

B.S.L.

Tanczos, C. (1988). Zpplied Aralysis. Mineola, NY: Dover Publications, Inc.
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EDITOR’S NOTES
Formal Papers

Because of the increase in lumen consunption of caffeine-containing beverages,
such as coffee, tea, cola drirnks, energy drinks, and chocolate, to agpe with perfor-
mence prablems due to fatigue Deixelberger-Fritz, Tisdler, and Kallus conducted
a study to evaluate the effects of a single standard dose of an Fnergy Drink an
performence of pilots in a fatigue-inducing paradigm. The results carmot be attrib-
uted to a caffeine withdrawal effect because the subjects were only nonsmokers
and low to moderate caffeine users and the subjects were not deprived from caf-
feire. Readers wo are lodkdng for positive gotians to agee with fatigue will fird the
results of this study to be quite interesting.

Mary schools ard colleges are incorporating electranic methods into their instruc-
tiael delivery . Although there have not been many studies to determine whether
instruction delivered in this way is equal to ar better then the more traditianl
“classroon’ method, those interested in distance leaming will find this study by
Howell, Deming, and Fitzpatrick showed that the academic performance of today’s
students is not inpacted adversely by electranic instructio.

With the ever increasing expense associated with latest generation training air-
craft, fligt training devices, and meterials, Young and Fanjoy recommend a tai-
lored aporoach to advanced collegiate flight training that will take advantage of
aost effective program canponents ard generate the potential for interaction with
aviation industry partners. They address issues associated with advenced flight
training resources as well as suggested levels of implementation that address the
partiailar needs ard finencial amstraints of each wollegiate flight training unit.
Althoxch they state thet the levels of advenoed flight training resomces they presat
are not intended to be prescriptive, Young and Fanjoy propose that they do of fera
starting point for ansideration by manbers of a training wnit’ s fligt faadlty .

Tre thought that the recent identification of a new spatial ability (dynemic spatial
ability) is partiailarly inportant in occaupatians such as air traffic aotrol ard piloc-
ing, D’'Oliveira coducted a study to amalyze the potential predictive value of static
ard dynamic gpatial ability and the ability to coordinate information when predict-
irg training results of air traffic catrollers and pilots. Her study dealt with whether
both dyramic spatial ability ard the ability to coordinate informetion are signifi-
cantly better predictars of training results then static spatial doility, therefare amn-
triluting to potential improvements in current selection procedures adopted for
these occupations.

Using ane questicmaire—called the Organizational Safety Culture Questicmaire
(0S)—Patankar conducted an exploratory study to assess the safety attitudes
and opinians amang flight geerations persamel, maintenance persamel, ard other
enployees at ane partner organization to determine the factors that may contrib-
ute to accident-free safety record of a specific orgenization. His study wes based
a1 a previous survey of flight operations persamel, maintenance persamel, and
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other arployees to measure individual attitudes regarding safety and their opin-
ins regarding the factors that may contrilbute towerd their accident-free safety
record. In the case of this partiaular partner carpany, the success factors were
identified as follows: emphasis an conpliance with the Standard Qperating Pro-
cedures, oollective comitment to safety, individmel sense of resposibility to-
ward safety, and the high level of enployee-menagement trust.

Those interested in reducing errors mede in aircraft cockpits and those inter-
ested in flidht crew training/education might fird the results of the Bliss ard
Fallm study, which broadens the applicability of Nommative Decision Theory by
demmnstrating that it can be successfully applied to a specialized teamwork
awvirament, to be of interest. Bliss and Fallo examined the pradblem of faulty
informetion transfer among flight crew menbers by menipulating leadership style
ard studying its effects on performence ard satisfaction uder conditions of
high ard low workloed. In additio to their findings, Bliss and Fallm discuss the
limitatians of their study and recomerd future research to cotimue to clarify
the conditions where the Normative Decision Theory applies and does not ap-
By .

The FAA pilot knowledoe test is a miltiple-choice assessment tool designed to
measure the extent to which applicants for FAA pilct certificates ad ratings
have mastered a corpus of required aeronautical knowledge. All questians that
appear an the test are drawn fram a database of questions that is made avail-
able to the pblic. Casrar, Janes, Puentes, ard Irani conducted a study to
investicate the FAA's concems that releasing test questions in advance may:
(1) necptively affect the way students leam and ultinately understand required
aeranautical knowledge; ard (2) reduce the validity of the knowledge test as an
assesoatt tool. ITnadditio to the results of their stdy, Casnar, Janes, Puentes,
ard Trani discuss the limitatians of their stidy, as well as the changes made by
the FAA to the Knowledge Test in July 2003.

Tn additio to these who treat irdividials with a fear of flying, those with thet fear
may fird the article by Van Gerwen, Van de Wal, Spinhoven, Diekstra, and Van
Dyck to ke of interest. Based on Bandura’s self-efficacy theory that judgrents
ard expectations aonceming performence capabilities are relevant for the initia-
tion, persistence, and modification of arxdety prdolems ard specific fears, the
authors aonducted a study an the differential effects on self-efficacy expectan-
cles of varicus treatment carpaents in a fear of flying protoool. They provide
Cetailed statistical aralyses of the study, discuss the study’ s shortcomings,
and recamend future studies.

Training Development Reports, Studies, and Papers

Readers who are irvolved in aviation education/training may fird the Elliott ar-
ticle an bigretric tedrologies valueble. As a result of the work to improve and
Stardardize airline seardty, biaretrics is being ansidered for a rinber of trans-
portation-related goplicatians. Elliott provides an introduction to biaretric tech-
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mologies, autlining the general aocepts ard definitions that students in aviation
tedmology will care across, the specific classificatians, and the specific issues
within an airport ewirament thet may affect the performence of individual biovet-
ric tecdmologies. He discusses biaretric techmologies that have been success-
fully deployed within an aviation setting and suggests that those who develcp
aviation arricula may went to include biaretrics as part of a course in aviation
Security or airport menagement.

Utilizing the findings of a 1998 study of the Garacteristics of Successful Aviatio
Leaders of Cklahare, Kutz presents a review of literature to explore the power of
passiom in leading aviation professioals—from introducing a description of the
term “passia,” as it relates to aviation, to discussing the prdolans with passion
in aviation leadership-and suggests that this subject deserves more extensive
research.

Book Reviews

We had an exciting experience for this issue of IJAAS — we were asked to provide
reviews of several publications. Because of the tremendous success we have
had with the increase in meruscript submissions, we were forced to limit the
reviews to three.

Todd Huldoard provides a positive review of Psydhological Perspectives an Fear of
Flying, edited by Rdcert Bor and Lucas van Gerwen, which, by the way, tHesin
well with the article about the study coducted by Van Gerwen, Van de Wd,
Spinhoven, Diekstra, and Van Dydk, also in this isste. The text provides clinical
studies, therapy critiques, tedrological aides, suggestians for air carrier persm-
nel, and therapy success stories. Hubbard highly recommends the bock not anly
for those suffering fram fear of flying, but also for the classroom. He also sug-
gests that readers investigate other works by the authors.

Our next book review (Passenger Behaviour, edited by Rdoert Bor) is provided by
Raymond King. Adding personal quips, King begins by suggesting that most
readers will not read this bock from cover to cover the way in which he did to
prepare for his review review, but will use it as a reference tool. Rumishing a
picture of each chepter, he recomends the bock, especially to those who fly an
a regular basis.

It seams anly aporopriate in this 100% year of aviation, that Mark Shermen and
Deak Arch reviewed a bock about aviation history, The U.S. Air Service in the
Great War, 1917-1919, by James J. Cooke. Describing the book as one that
explores World War One Aviatim, not frama pilot or unit perspective, but frana
military comend and control perspective, Shermen and Arch suggest that those
with an interest in American Air Power orgenization during World War I, aeraau-
tical logistics, or military camerd and control functions should read this bodk.

B.S.L.
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Formal Papers

Changes in Performance,
Mood State and Workload
Due to Energy Drinks in Pilots

D. Deixelberger-Fritz,

M.A. Tisdhler,and K. Wolfgang Kallus
Department of Psychology
Karl-Franzens-University Graz
Universitaetsplatz 2/111
8010 Graz, Austria
Email: wolfgang. kallus@uni-graz.at

Abstract

Twenty-four pilots and eight non-pilots participated in a random-
ized double-blind crossover study on performance changes in a
fatigue-inducing 6-hour laboratory paradigm in the early evening
hours on two different days without caffeine deprivation. After two
hours of work on mental performance tests, either 250ml of a pla-
cebo (same Energy Drink, without Caffeine, Taurine and
Glucuronolactone) or 250ml of an Energy Drink (containing Caf-
feine 80mg, Taurine 1000mg, and Glucuronolactone 600mg) were
administered. Changes in performance were assessed during the
following 4 hours. The kind of drink was switched on the second
experimental day. Statistical hypotheses based on a preliminary
study were tested via analysis of variance. Clear-cut positive ef-
fects of the energy drink could be demonstrated on choice reaction
time and on performance in a concentration test. Effects persisted
for more than two hours after administration. This long-lasting posi-
tive effect on performance can hardly be explained by the small
dose of caffeine. In addition, pilots performed markedly better on
the second day, despite the fact that tests were practiced exten-
sively during baseline conditions. Effects on mood state and heart
rate variability were less pronounced.

Performance measures were controlled for errors to make sure
that the effects were not due to a mere change in the speed/accu-

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-502-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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racy trade-off towards more speed.

The study showed that breaks and nutrition in breaks can easily
change the performance potential even in highly selected people
like pilots. This offers positive options to cope with fatigue.

Introduction

Caffeine is the most widely used psychoactive substance in the world (Gil-
bert, 1976) . Most of the caffeine consumed cores from dietary sources such
as ooffee, tea, oola drirks, energy drirks, and chooolate. The early studies
used large doses of caffeine and it has been suggested that doses in excess of
500mg are not beneficial (Hasenfratz & Baettig, 1994) . Consequently, sweller
doses that are closer to those in commonly used caffeinated beverages have
been used in more recent studies (Warburton, 1995; Durlach, 1998; Hindmarch,
Quinlane, Moore, and Porkin, 1998; Reyner & Horme, 2000; Warburtcon, 2001;
Alford, Cox and Westcott, 2001). Caffeine improves mental performance
(Hindwerch et al., 1998) e.g.: aaxatration @lford et al., 2001), attention
(Warburtan, 2001), and menory (Alford et al., 2001) as well as reaction time
(Lieberman, Wurtmen, Ende, Roberts, and Coviella, 1987; Kerr, Sherwood, and
Hindmarch, 1991; Durlach, 1998; Kenemans & Verlaten, 1998; Alfad et al.,
2001) .

A rising mmber of hurens use caffeine-containing beverages to cope with
performence pradblems due to fatigue. Experinental laloratory studies in fatigue
paradigms are necessary, if ae wants to prove the benefits of energy drirks to
campensate fatigue-induced performence impairments. Rules of good clinical
practice (GCP, 1997) from pharmacopsychological drug studies (randomized
dauble-blind placsbo amtrolled) should be adopted as far as possible. ITn addi-
tion, a miltivariate apprcach should be used to dotain a picture of the dng
effects in different functianl areas (attention, concentration, and mood) .

Positive results of a smell amount of coffee (e.g. two cups, about 150mg
caffeine) a alertness in fatigue-inducing laboratory studies have been reported
(Lorist, Snel, Kok & Milder, 1994; Horne & Reyner, 1996; Reyner & Horme,
1997) .

The present study was conducted to evaluate the effects of a single standard
dose of an Energy Drink an performence of pilots in a fatigue-inducing paradign.
The study followed the rules of GCP.The prdolem of caf feine deprivation (Janes,
1997) is not relevant in this study as subjects with low habitual caffeine am-
surption were studied in the evening (telling subjects to abstain fran caffeine
for 24 hours, James, 1997) .

Method
Participants

Twenty-four pilots and eight non-pilots participated in a randomized dodble-
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blind crossover study an performence changes in two tiring six-hour laboratory
sessins.

All participants were nonsnokers and low habitual caffeine users (3-6 cups
coffee per day) . Subjects with a higher average caffeine intake, smokers, ard
those who took drugs regularly were excluded. On investigation days subjects
were not permitted to drink aladhol . Informed written amsent was dotained fram
all sigjects.

Al pilcts hed a valid fligt licenee (13 comercial pilots, 4 military jet pilcts,
7 VER-Pilots =visual flidght licenses for private pilots). Ranging in age fran 23 to
40, the mean age was 29.75 years (std=5.08 years).

Independent variables

In this sody, 250ml of an energy drink (Red Bull” Frergy Drink, containing
carbonated water, 80mg caf feine, 1000mg taurine, 600mg glucuranolacton, su-
crese, glucose, citric acid, carbm acid, incsitol, vitamins (niacin, pentheol,
Bs, B12), flavours, colour) was tested. The placebo aotained glucose ard vita-
mins. The equivalence of taste for verum and placebo (at 2°C) was ensured
before the experiment. ITn a preliminary study, a tipole carperism taste-tasting,
using two temperature levels (2°C N=15, 5-10°C N=8) to ensure equivalence at
taste, was conducted with 23 subjects.

Design

A repeated measure, double-blind crossover design was used with each sub-
ject receiving both treatments in a randomized order .The two treatment condi-
tions were 250ml Red Bull Energy Drink and the same amount of a glucose-
aontaining placsbo.

Procedure

Both test sessions started at 1700 h and ended at 2300 h. The participants
aopleted a similar six-hour work block an both test days. The investigation
tok place in a shielded psydho physiolagical, air-canditioned laboratory .A wash
aut period of at least 24 hours was kept to avoid potential residual effects (cf.
Deixelberger, 2000) .

Psychological Testing
The following tests were administered by means of a carputer or in paper
ard pencil form.

Performance Measures for Hypothesis Testing. Three performance mea-
sures were selected for hypothesis testing lased on a preliminary study
(Deixellerger, 2000). The following measures were used:

1 sustained match to sample test “Cognitrone” (Schuhfried, 1994) :
Score: MC = Mean reaction time of correct responses
The computer-based sustained match to sanple task assessed sustained

Changes in Performance, Mood State and Workload Due to Energy Drinks in Pilots
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attention (Schuhfried, 1994) . A serdes of four pictures was presatted in the first
line on the screen and ane picture below.The subjects determine whether the
picture in the secad lire is exactly the sare as ae of those in the first line.
For aralysis, mean reaction time of correct responses is taken. The split-half-
1elidiility is .98.

2. contimuous performence task (arithmetic) CPT (Dueker & Lienert,
1959) : Score: C-E (Correct — Error)

The CPT (Dueker and Lienert, 1959) dbtains information about quantity and
quality of arithmetic performence ard short term mamory . The subjects add two
sets of figures ard decide o a further subtraction or addition based an the
relation of the two sums. The hidhly religble test (r =.92) has been used in
series of psycho-pharmecological studies in the past 40 years.

3. @ letter cancellation test (contimuous attention performance,
Brickenkanp,1994) :Score = T-E (Toal - Eaxar)

The letter cancellation test A2 (Brickenkamp, 1994) is a performence test,
measuring speed and accuracy by doing sinple tasks like a vigilant task. The
subjects mark every d with two lines (ane above ard ane below, both lines above
or both lines below) mixed with other letters. The results fram this test can ke
interpreted in three ways 1. quantitative — how mery letters are merked, 2. how
mery letters are merked within a certain time, 3. qualitative - total of perfor-
mence mirus errors. To prove the hypothesis, total performence mirus errors in
this study was selected for the data aralysis. The re-test-relisbility is ..

Supplementary performance tests . A set of sugplementary performence tests
was used to similate tiring, monotonocus working conditions. The following
tests were used:

"  Stroop Color Wad Test (German version by Baeumler,

1985) .

" (Goice reactio test (Vierma Testing System, Schuhfried,
19%) .

= Pilat Sotial Test (Viema Testing System, Schuhfried,
19%) .

" W ATS - Wechsler digits backwards (Tewes, 1991) .

Assessment of psycho physiological state

®  Adjective Check List EWL (Janke & Debus, 1978) and a
short version for repeated measurements (BSKE)

= Multidimensional Scale on Physical Symptoms (Erdmann
& Janke, 1984)

" HQG during resting conditions and during task execution.

" ERG during resting conditions and during task execution
(results not reported here) .

Intervening variables
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Aoditical information was dotained for:

" Initial state (RESID, Kallus, 1995; FAL Jarke et al., 1976)
Tnitial state with regpect to stress ard recovery in the past
three days was assessed by psychoretric questiomaire
(RESTQ) . Additiaml questians o activities and rutrition
o the test day was assessed by the questiamaire (FAL).

" Questicomaire on drug consumption (Jarnke et al., 1988).
The questiomaire assesses habitual drug consunption
ard the use of functiaal foods.

" Personlity traits (Bysenck Pers. Trventory; Bogert, 1983) ;
The Eysenck Personality Inventory assesses two basic
persaality traits (extraversion ard evotiael stability) .

=  Biographical data
Biological data were used for description of the sanple.

Testing procedures

The study was conducted in a shielded psycho-physiological laboratory in
the Department of Psychology, Karl-Franzens-University Graz, Austria. Volun-
teers were paid for participarion.

The study started at 5 p.m. and ended at 11 p.m. Fatigue and monotorny are
very comon at this time and most of the pecple do not drink much caffeine.
Trus, side ef fects due to abstaining from caf feine were very unlikely .

The next two test phases were 120 mirutes each. Before starting with test-
phese 1 on day 1 ard day b, the Red Bull” Energy Drink or the placebo was

Table 1
Testing procedure

baselhe daya|17.00-19 30| baselhe day
b
applicaton  [1930-1940| applcaton
testphase 1 19402130 testphasel
testsphase 2 | 21 3523 .00 | testphase 2

Data analysis

Inalyses of variance were conputed for each of the three basic performence
measures using the average of each test block as a dependent variable. The
interaction term treatment*tine was used to test the cross-over effect following
ILehmacher”s decomposition of possible effects in cross-over designs
(Lehmacher,1986) . Type I error was 0.05, which was adjusted to three miltiple
tests by the Bonferroni-Holm Procedure (Holm, 1979) . SPSS-Manova was used
to campute effects. The overall individual level (mean across all measurements
a all days of each deperdent variable) wes subtracted to eliminate initial value
effects (Kallus, 1991) .
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Supplementary descriptive data analysis is based on descriptive p-values
fran analysis of variance. The results were analyzed “descriptively” to charac-
terize the dnyg ef fects more precisely. The model of descriptive data analysis
(Bbt, 1987) provides a framework for the carbination of aconfimmetory and supple-
mentary data analysis.

Results

Results for hypothesis testing are depicted in table 2. The energy drink showed
clear-aut effects an perfomence at the .05 level. Nm-significant interaction
terms (treatment*time) were expected on the mill hypotheses.

Table 2
Results of Analysis of Variance (time*Treatment-interaction)
Varebk p- adjisted type-Tenors
(@nkig valie
accorng t© s
p-valies)
CPT .000 0167 *
MC 020 025 *
Cognimne)
d2 322 050 ns.

Continuous Performance Task CPT.A significant time *treatment ef fet
(p=<.001) can be reported for the socore total performence mirus errors. Sub-
jects performed markedly better in the Red Bull Energy Drink condition com-
pared to the placebo day .

12

10 4 —

V —&— RB_PL
\ —#l — PL RB
~7

L§J'

b o v B o ®
. . .

IS

al a2 bl b2

tin e ofm easure

Figure 1 .Results in CPT (total mirus errors) for crossed treatment conditions
(RB PL means first day Red Bull” , second day placebo; PL RB means first
day placebo, second day Red Bull" ) on two test days for both measurement
occasions on each day.

Sustained match to sample test MC.A sionificant time*treatment ef fet
(p=.020) for mean reaction time of correct responses in the sustained match to
sanple test was doserved. The subjects had the shorter reaction times on the
day with Energy Drink compared with the performance on the placebo day.
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Figure 2 .Results in MC for both treatment groups for both phases on both days

D2 letter cancellation test. No significant time*treatment effects (p=.322) ap-
peared for the score total of performence mirus errors.

Further results

Rositive ef fects for the energy drink were dotained for Strogp color word per-
formence (p=.035) and notor reaction time (p=.066) in the reaction time test.
Figure 5 dgpicts the results for errors in the Stroop test.
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Figure 3 .Results for the reactio time task.
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Figure 4 .Results for the total of errors in the Stroop test
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Mood state . The positive effect of the energy drirk was well reflected in the
subjective state of the subjects. Especially subjective deactivation was reduced
(p=.022) .

CEEE— ; ),
| -_— g

means

al a2 a3 a4 a5 a6 a7 bl b2 b3 b4 bs b6 b7

tine ofmeasure

Figure 5 .Means of deactivation for both treatment groups and all times of
measure

Heart rate . Heart rate reflected the different task conditions and showed no
systematic changes due to the energy drink.

Discussion
Clear cut positive effects an attention could be demonstrated for 250ml Red

Bil" Frergy Drink with controlled type ae error (Q =.05) . The results showed

interesting correspandences with the positive results reported by Home and
Reyner (2002) .

In our study the subjects were only nonsmokers and low to moderate caf-
feine users ard the subjects were not deprived from caffeine. Thus, the results
carmot e attributed to a caffeine withdrawal effect (James, 1997) . The present
results are in accordance with the results reported in Warburton (1995), who
showed, that a smell dose of caffeine could improve cognitive performence sig-
nificatly. Tn ancther study with a caf feine and taurine containing Fnergy Drink
by Warburton (2001), the results concerning mental performence were con-
firmed. ITn Warburton™s study, the subjects were not deprived fram caf feire.

In the present study, & fects of a break with an energy drink on performence
were ansiderably large. This inplied sare practical significance in addition to
the statistical significance. Gmsidering the difference in decision time of cor-
rect decisians in the contirucus metch to sanple test, even highly selecte?9

subjects like pilots show an improvement of about 0.1 second with Red Bull
Energy Drink. Decision time is increased by an amount, which is close to the
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total amount of a sinple reaction time of highly practiced subjects.

Performance increments could be demonstrated in the late evening under
tiring and monotanous working conditions, which increases impact of the re-
sults for night ard shift work, which is comm in all aress of aviation.

The doserved high stability of enhanced performance in time should receive
further attention, especially because Home and Reyner (2002) dotained similar
effects with the sanme energy drink. The effect can hardly be explained by the
low dese of caffeire. Other ingrediants like taurine might aotribute to a persist-
ing increase in performence. Animal studies with these substances suggest
that this might ke an interesting and important area of future research (Vohra &
Hui, 2000; Sciuilz, 1988) .

The study showed that breaks and mitrition in breaks can easily change the
performence potential. This offers positive options to agpe with fatigue as well
as possible risks. Finally, it should be noted that the positive results could even
ke dotained in pilcts, who are highly trained to agpe with fatigue (CGaldwell, in
jeaisull

References

Rot, K. (1987) . Descriptive data analysis: a concept between confirmatory and
exploratory data analysis. Methods of Information in Medicine, 26, 77-88.

Alford, C., CGxx, H. & Wesaott, R. (2001) . The effects of red ull energy drink an
human performance and mood. Amino Acids, 21 (3), 139-150.

Baeumler, G. (1985). FWIT: Farbe-Wort-Interferenztest (nach Stroop, 1935) [The
Stroop-Test]. Goettingen: Hogrefe.

Brickerkanp, R. (1994). Testd2: Aufmerksamkeits-Belastungs-Test [The Con-
tinuous Attention Performance test d2]. Geettingen: Hogrefe.

Gldell, J. A. & Galdwell, J. L. (2003). Fatigue in aviation. A guide to staying
awake at the sick. Brilirgtmn: Ashgate.

Deixelberger, D. (2000). Koffein, Pausen und Leistung [Caffeine, breaks and
performance]. Graz: Not published. Institute for Psycholagy .

Dueker, H. &lierert, G. A. (1959) . Konzentrations-Leistungs-Test (KLT). [The
Continuous Performance Task]. Goettingen: Hogrefe.

Durlach, P. J. (1998). The ef fects of a low dose of caf feine an cognitive perfor-
mance. Psychopharmacology, 140 (1), 116-119.

Boert, D. (1983). Eysenck-Persoenlichkeits-Inventar (EPI), [The Eysenck-
Personality-Inventory]. Goettingen: Hogrefe.

Erdmarnn, G. & Janke, W. (1984). Mehrdimensionale koerperliche Symptomiliste
(MKSL) [Multidimensional Scale on Physical Symptoms]. Berlin/Wuerzourg:
University, Institute for Psydology .

Gillbert, R. M. (1976) : Caf feire as a dng of aouse. InR. J. Gildoins, Y. Iseel, H

Changes in Performance, Mood State and Workload Due to Energy Drinks in Pilots

203



204

Kalant, R. E. Pogham, W. Sdmidt, R. G. Swert (Bds.), Research advances
in alcohol and drug problems, 3, (pp. 49-77) . New York: Wilsy.

Hasenfratz, M. & Baettig, K. (1994). Acute dose-ef fect relationships of caf feire
and mental performance, EEG, cardiovascular and subjective parameters.
Psychopharmacology, 114 (2), 281-287.

Hindrarch, I., Quinlane, P.T., More, K. L., Rukin, C. (1998). The ef fects of
black tee and other beverages on aspects of cognition and psychomotor
performance. Psychopharmacology, 139 : 230-238.

Holm, S. (1979). A sinple sequentially rejective miltiple test procedare. Scandi-
navian Journal of Statistics, 6, 65-70.

Home J. A. & Reyner L. A. (2002). Ef ficacy of a ‘fuxtiawl energy drirk’ 1
camnteracting driver sleepiness. Physiology & Behaviour, 75, 331-335.

Hore, J. A. & Reyner,Li A. (199) . Counteracting driver sleepiness: Ef fects of
repping, caf feine, and placdo. Psychophysiology, 33, 306-309.

James, J. E. (1997) . Does caffeine enhance or merely restore degraded psycho-
motor performance? Neuropsychobiology, 30, 124-125.

Janke, W. &Ddous, G. (1978) . Die Eigenschaftswoerterliste (EWL) [The Adjec-
tive Check List]. Goettingen: Hogrefe.

Janke, W.etal. (188). Pharmaka-Verbrauchs-Fragebogen (PVF)[Questionnaire
on drug consumption]. W verzourg: University, Institute for Psydolagy .
Janke, W.etal. 197%). Fragebogen zur Ausgangslage (FAL) [The Initial state

Questionnaire]. Wuerdourg: University, Institute for Psydology.

Kallus, K. W. (1991). Initial State ard the Iaw of Tnitial Value. Journal of Psycho-
physiology, 5, 109-110.

Kallus, K. W. (19%). Der Erholungs-Belastungs-Fragebogen (EBF) [The Re-
covery-Stress-Questionnaire]. Frarkfurt a.M.: Swets Test Services.

Kerr, J. S., Sherwood, N. & Hindmerch, I. (1991). Separate and combined ef-
fects of social drugs and psycharotor performence. PSychopharmacology,
104,113-119.

Kenemans, J. L. & Verbaten, M. N. (1998) . Caf feine arnd visuo-sparial attentim.

Psychopharmacology, 135, 353-360.

Lehmacher, W. (1986). Verlaufskurven und Crossover. Statistische Analysen
von Verlaufskurven im Zwei-Stichproben-Vergleich und von Crossover-
Versuchen [Trends and Crossover]. Berlin: Sorirger.

Lieberman, H. R., Wurtmen, R. J., Hnde, G. G., Rdoerts, C. & Goviella, I. L.
(1987) . The effects of low doses of caffeine on humen performence and mood.
Psychopharmacology, 92 (3) . 308-312.

Iorist, M. M., Sel, J., Kk, A. & Milder, G. (1994). Influsxe of caffeire m
informetion processing stages in well rested and fatigued suojects. Psychop-
harmacology, 113 (3-4), 411-421.

Reyner,L. A. &Hore, J. A. (1997) . Sugpression of sleepiness in drivers: com-
biretim of caf feire with a short rep. PSychophysiology, 34, 721-725.

International Journal of Applied Aviation Studies



Reyner,L. A. & Home, J. A. (2000) . Early moming driver slespiness: ef fective-
ness of 200mg caf feire. Psychophysiology, 37 (2), 251-256.

Schihfried, G. (19%4). Cognitrone: Test zur Erfassung der Aufmerksamkeit
[Cognitrone: a match to sample test]. Moedling: Schuhfried.

Schuhfried, G. (199%) . Wiener Reaktionstest (RT) [Vienna Choice Reaction Test].
Moedling: Schuhfried.

Sduhfried, G. (1995). Pilot Spatial Test.Moedling: Schuhfried.

Schulz, H. (1988). Spatial working menory in rats: the ef fect of the dipsptide
gama-L-glutamyl -taurine and haloperidol. Acta Physiologica Hungaria, 72 G-
4), 263-7.

Tewes, U. (1991) . HAWIE-R: Hamburg-Wechsler Intelligenztest fuer Erwachsene
— Revision [The Hamburg-Wechsler intelligence test for adults]. Bern: Hiber .

Vdwra, B. P. & Hui, X. (2000). Improvement of impaired memory in mice by
tarire. Neural. Plast, 7 (4), 245-259.

Warburton, D. M. (1995). Effects of caffeine on cognition and mood without
cf feire aostinence. Psychopharmacology, 119 (1), é6-70.

W arburton, D. M. (2001) . 2n evaluation of a caf feinated taurine drink and mood,
memory and information processing in healthy volunteers without caffeine
abstinence. Psychopharmacology, 158 (3), 322-328.

Changes in Performance, Mood State and Workload Due to Energy Drinks in Pilots

205



206 International Journal of Applied Aviation Studies



Intematiarl Joamel of Agplied Aviation Studies, 3, 2
Copyright © 2003, FAAAcademy, Oklahoma City, OK

Traditional versus Electronic Information Delivery:
The Effect on Student Achievement

Cass D. Howell, Todd V. Derming
and William B. Fitzeetrick
Embry-Riddle Aeronautical University
600 S. Clyde Morris Bivd
Daytona Beach, FL 32114

Abstract

The Department of Aeronautical Science at Embry-Riddle Aero-
nautical University recently moved into a state-of-the-art instruc-
tional building. Along with the new building came teaching oppor-
tunities previously unobtainable, or at least difficult to achieve on
any scale. One of these occasions involved a requirement for stu-
dents in a Flight Safety class to obtain instructional material (jour-
nal and magazine articles) independently from a variety of on-line
sources, versus the traditional method of in-class distribution of
handouts. Anecdotal evidence seemed to indicate that students
tasked with retrieving and utilizing the publications themselves
were less proficient in correctly answering test questions drawn
from the material than were students who were provided the hand-
outs of the same publications in class. A study was devised to test
this observation, involving test and control groups of students in
four Flight Safety classes over two semesters. Results indicated
that, while there may have been significant differences in correct
response rates to individual questions between the two groups, in
the aggregate, there was no statistically significant difference in
performance at the .05 level between test and control groups that
was attributable to an electronic versus traditional mode of deliv-
ery of these specific course materials.

Requests for reprints should be sent to Beverly Laughead, FAA Academy, AMA-502-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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Nature of the Problem

The acguisition of an advenced tedrology instructicoal building, plus the
availability of a new acadamic intrenet software service, Blackiboard, has mede
altermative methods of instruction possible on a scale never before possible at
Enbry-Riddle Peraautical University’ s Department of Aeronautical Science.
This parallels the evolution of electranic delivery at most schools and colleges
across practically the entire spectrum of subjects. However, does the availabil-
ity of this new tedrology translate to increased learming?

The Purpose of the Study

The purpose of the study wes to find cut if changing a specific elerent of
instructianl meterial from traditioal to electranic delivery had a measurable
e fect o student leaming. To kesp this smwll study to an aporgoriate size, it
was decided to focus on cne component of the available technology, ie., te
ability to provide supplemental materials, in this case megazine and jourmal
articles, by electranic postings. Based an nmn-scientific doservatians, it wes
the authors’ inpression that students were not as successful in correctly an-
swering questions originating from material that they were required to downlosd
electronically as were students who dotained the same material from handouts
in class. Since the trad, at lesst at this wniversity, (and presumably many
more) is to rely more arnd more an varicus forms of electranic delivery, it wes
Jeered to be a matter of sore inmportance to ascertain the effects these modes
of instruction had an student performence. Depending an the results, this infor-
mation could guide future instruction, or at least suggest how ary negative
findings could be addressed.

Review of the Literature

As is readily evident to even the most casual doserver, mm-traditiaal neth-
ads of instruction, many of them via electranic delivery, have flardished in the
last few years. (@s used here, “electranic/digital delivery” includes the spectrum
fram a sinple modification such as coverting lecture notes to Power Point, to
the use of sophisticated interactive websites that coperate sans professors.)
Even as early as 1995, higher education institutions had spent 20 billion dollars
equipping with computers and associated software and support systems (Katz,
Tate, & Weimer, 1995, cited in Jaes & Paolucci, 1999). A few schools are
making sweeping commitments to electronic access and delivery. Massachu-
setts Tretitite of Technology, perheaps foramost in this graup, is in the process of
pdblishing an lire the lecture rotes, assigments ard reading lists for all of its
2000 on-campus courses (Massachusetts Institute of Technology, 2003) and
Farleigh Dickinson University now requires all entering students to take at least
ane course an-line each year (Young, 2002) . Many other schools, seeking to
reach new students and to increase their reverue bases, have made great ef-
forts to develop an-lire versians of their traditiawl courses to reach students
virtually amywhere an the gldoe. The U.S. military, whose members have been in
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almost oonstant motion for the last few years, has erbraced electronic dis-
tance education to a vast degree. For example, the U.S. Army recently began
its first civilian education Inmtemet portal, earmyU, ard plans to ewoll wp to
80,000 students in the next two years. The program is supported by 23 colleges
throughout the nation, who of far Army students 90-degree programs. The Army
will spard over 450 million dollars in the fivst five years of the project to prdese
the services ard facilitate the colleges’ course delivery (Armane, 2002) .

More recently, “lhybrid” courses, which incorporate a melding of classroom
and distance education, have becare nore popular (Yourg, 2002) . These courses
seek to blad the best of traditiarl classroon instruction with the flexdibility of
virtual classroom instruction into a more efficient instructicoel model. Boume,
editar of the Journal of Asynchronous Learning Networks, says in the Chronicle
of Higher Education, (Yourg, 2002, p. 33), “I would guess that sarewhere in the
80-90 percent range of classes could sometime becore hybrid.”

Nevertheless, how effective are these new aporoaches in facilitating leam-
ing? Despite the enbrace of academics ard the rapid expansion of electronic
forms of delivery, there is not a quantity of evidence denmnstrating that these
methods of instructianal delivery are equal to or better than the nmore traditiael.
Jones and Paolucci (1999, p. 17) agree saying, “.research supporting the
messive adoption of tedmology sinply doesn’t exist to the extent that these
widespread trends are justifiable.” They estimate that “.since 1993 less than

% of published research was sufficiently enpirical, quantitative, and valid to
sugport aonclusians with regpect to the effectiveness of tecdhnology in educa-
tional learning out " (p. 18). Those studies that have been done show
decidedly mixed results. For example, Kendall (2001) reported hich student
satisfaction overall and higher grades for those who accessed WelbCT based
course notes and posted messages most frequently in a study of 46 conmumni-
cations students. However, a study by Gay and Grace-Martin reported in the
Chronicle of Higher Education (Carlsmn, 2001) fourd while students who visited
more websites during computer science and communications classes made
higher grades, those comunications students who spent more time on-line
outside of class were less successful academically.A Canadian study by
Goldeerg (1997) indicated that students in the hybrid version of a camputer
class out-performmed both students who tock the course exclusively an-line as
well as those who aorpleted it in a traditiaml lecture based formet. Cotrasting
this is Byers’ (2001, p. 360) assessment that “.there is ro significant differ-
ence in direct learming between technology based and face-to-face leaming...”

Tt would appear from persanl experience ard a survey of the available litera-
ture, which includes meny “how to” articles, that emerging teclnology has been
enbraced and incorporated into the teaching and learning process largely for
reasons other than enhanced academic achievement. While some of these rea-
sas are aonpelling in their omn right (lower costs, ease of availability, better
graphics, etc.), the acadamic value of the varicus forms of electranic delivery is
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either assured, or in sare cases, hoped for (Willet, 2002, Wallace & Mutooni,
1997, are prograny tedrology descriptians that illustrate this trerd.) . A axclu-
sion can be drawn that the temptation is to use whatever teclrology is available
without regard to (or awareness of) leaming ef ficacy .

Methodology

The research hypothesis for this study was as follows: “There is a significant
difference between the success rates of Flight Safety students who dotained
class materials electraonically versus those who were provided the sane materi-
als by hand-outs in class.” The dependant variable was defined as the aggre-
cate correct respanse rate for test questians drawn from the subject material,
and the independent variable were the two methods of dotaining the material,
i.e., electronic or hard-aut.

Data collection was based on regularly occurring academic tests that were
pert of a three credit-hour wniversity carse, Flidt Safety. Sodatts in this corse
are typically juniors ard seniors, have limited yet significant flight experiences,
and have usually earned FAA camercial and instruvent certificates ard rat-
ings. Their goal, inmost cases, is to kecare airline pilots with U.S. ard interma-

As part of the course requiraments, students were to read a selection of
articles related to the dojectives of the course. The test group was directed to
electranic versians of the articles, posted an either Blackibcerd, an educatiamal
software program to which the University subscribes, or an the World Wide
Web at several websites. In both cases, specific addresses were provided dur-
ing class meetings. The cantrol group was provided the articles by traditiamal
means, i.e., individual handouts in class. The test and oantrol groups were
different sectians of the sane Flight Safety course. Both of the two sections
were provided identical instructions ard syllabi fram the same professor, used
the same text, and even met in the same classroom. The sections met sequen-
tly, i.e., “adk-toladk.”

The study was conducted over the course of an academic year. During the
initial seavester (Fall) the first sectim (01) wes the test group, ard the secad
sectio (02), was the antrol group. In the Spring semester this was reversed,
so that the first section was the test group arnd the secad section wes the
amtrol group. This was doe to minimize the possibility of skewed results from
individual students in the secand class dotaining test information fram students
in the first class. The groups averaged about 30 students per section, with very
slight variations fram late envollments and drops. Class Grade Point Averages
(GPAs) were calaulated for each test/cmtrol pair, with results irdicating a clcse
match in each case. Grade Point Averages were therefore determined to not be
a factor in the research design. Test questions specific to the designated ar-
ticles were develgped. These were included an two regular multiple-choice evalu-
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ations that were given during the conduct of the course. Uon carpletion of the
tests, the relevant responses were isolated and analyzed per the procedures

Results

Raw scores were collected from four separate groups. The raw scores were
coverted into percentage of incorrectly answered questions on each test and
then aralyzed by method of teaching (i.e., traditiael versus electranic groups) .
Table 1 shows the proportions for each group by test. Proportions were calcu-
lated by dividing the runber of individual wrong answers an each question by
the size of each cotrol group. Each of the four tests had a control codition
(i.e., treditiasl teaching method) ard a trestment cadition (1.e., electranic teach-
ing method) . Therefore, each test has two scores representing the mean per-
centage answered incorrectly.

For the traditional group, the average percentage of incorrectly answered
questions was 20% (SD=15) . In the electronic group, the average percentage of
incorrectly answered questions was 29% (SD=19) .

A Ievene ‘s Test for Byuality of Variance was conducted and the results indi-
cate that the test saores for the four separate test groups do vary appraxinetely
the same. Table 2 shows ro significant dif ference was found between the means
of the four separate test groups. Because the 95% aonfidence interval was used
between the groups, we can aanclude that no significant differences were found
between the groups.

Table 1
Test Scores for Traditional and Electronic Teaching Methods
Questbn
Num ber Testl Test2 Test3 Test4
Tad. Ekc. Tmd. Ekc. Tmd. Ekc. Tmd. Ekc.
1 055 147 030 125 212 200 364 300
2 333 352 060 264 454 200 .06 150
3 250 323 242 437 272 300 .09 150
4 055 176 - - 181 150 52 500
5 111 176 - - 030 150 - -
6 333 705 - - A54 850 - -
7 194 235 - - 181 400 - -

Note. Test scores are given in percentage of population with wrong answers
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achievenent was not significantly adversely affected by the requivement to do-

Conclusions

al of Applied Aviation Studies

tain course materials electranically an their own. This finding is ansistent with
Russell (1999), who determined that there was no significant difference in the

academic performence of students in an-line ard traditional courses.
Tt should be noted that there may well have been significance in correct

regpanse rates an individual questions; however, due to snell sanple sizes this
was not feasible to examine and draw conclusions. The most relevent aspect is

that, in the aggrecate, students are equally successful in performence regard-

Despite the higher overall incorrect regpase rate (29% versus 20%),

Figure 1.Graghic display of Test Scores
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less of the method of dotaining the instructianal infometion. It may be specu-
lated that today’s students are sufficiently carnputer literate, and, nore impor-
tatly, possess enough motivation to take the extra steps required to dotain ard
utilize the electronic material. This would be expected with easy acocess (com-
puter labs on campus, web access in the residence halls, high rate of personal
conputer ownership), need for electronic research in other courses, and the
generally high degree of adeptness expected of a generation of students who
have always had access to camputers as part of their teenage experience on-
ward. One might wonder if this research would have had different findings if it
had been conducted, say, five years ago; however, that would ke lodking back-
ward. The view towards the future seams to be that we can be reasonably con-
fidat thet electranic delivery, at least as far as this smll study can ke extrapo-
lated, is a viable ard efficient mode of instruction as conpared to traditiawl
delivery means.
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Abstract

The prominence of new flight technology instrumentation and prob-
lems associated with its use has prompted flight program educa-
tors to consider a variety of training aids and methods to prepare
flight graduates for employment. The expense associated with lat-
est generation training aircraft, flight training devices, and materi-
als has led most collegiate aviation program administrators, how-
ever, to defer such training and related costs to the aviation indus-
try. The authors recommend a tailored approach to advanced col-
legiate flight training that will take advantage of cost effective pro-
gram components and generate the potential for interaction with
aviation industry partners. Several issues related to funding and
operation of advanced training resources are presented. In addi-
tion, three levels of advanced technology implementation are sug-
gested to effectively address the needs of collegiate aviation stu-
dents, within the operating constraints of the host school. Finally,
opportunities for cooperative training arrangements with aviation
industry partners are discussed. Such arrangements have had and
will continue to have lasting benefit to both collegiate aviation and
the air transportation industry.

Over the last two decades, advances in computer technology have led to
amezing sophistication in aircraft and training systeamns resources. During the
same period, such advances have led to many unforeseen challenges for
crewmenbers whose training historically has focused on psychamotor and pro-
cedural competencies. Airline pilct surveys ard an evolvirng trerd in flight ato-
metion-related accidents/incidents have highlighted the need for increased at-
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tentim to latest gereration flight tedrolagy (Fletdher et al., 1997; Rrk & Iyall,
1999; Hughes & Dornheim, 1995; Sherman & Helmreich, 1997) . The costs as-
sociated with moderm flight training equiprent and media, however, have led
much of the alr trangportarion indistry to autsorce the mejarity of initial, air-
craft-specific training to high-volure, resamwce-intensive flidht training acedamies
(Warwick, 2003) . In addition, airlire training sections have found great utility in
comercially produced carputer-based training materials for a wide variety of
continuing and upgrade-training segments (Doherty, 2003) . Gollegiate aviation
faailties also lave an interest in presenting training thet reflects the latest tech-
nology to best prepare their graduates for a very conpetitive jdo merket. Ad-
vanced flidht training resorces arrently used in aollegiate programs vary widely
from lecture materials and video to camputer-based training programs to mod-
em regiarl jet flight training devices (FIDs). Since most collegiate programs
qperate within a fairly restrictive funding bese, sugport for the latest gareration
of flight training resoarces is limited. Despite funding shortfall for advenced tech-
mology flight training resources, collegiate program administrators attenpt to
meintain an agorgoriate level of training, tailored to a sdhool’s pertiadlar re-
source limitations. This paper will address issues associated with advanced
flight training resources as well suggested levels of inplerentation that ad-
dress the partiacular needs ard financial amstraints of each collegiate flight
training unit. By doing so, the authors hope to present important progranmetic
amsideratians of interest to flight program administrators and educators.

Aviation Program Survey

Youg and Fanjoy (2002) conpleted a survey of four-year flight programs in
the U.S. to identify resamroes currently used to teach glass codkpit familiariza-
tion. Most program admninistrators indicated that this type of training was very
inportant to meeting their curriculum goals. However, anly 51 percent of the
schools surveyed stated they taught this newer tedmology to their students.
While most schools indicated they would like to initiate this type of training,
resource costs and an already saturated curriculum were mejor barriers to do-
irg so.

Results of the survey indicated that faculty who presented glass codkpit
tedmology (usually during the upper division course work) preferrved harnds-an,
interactive materials or devices to teach this subject area. Desktop trairners,
interactive conmputer programs, flight menagement system (EMS) trainers, and
flight training devices were perceived to be more effective than more traditiawl
means of presenting material, including lecture, video, and reading assigments.
Several of the cockpit training aids reported by collegiate programs were do-
rated or in joint use with airlines ard other training acpnizatians. Virtually all
survey respandents indicated that cost was the primary reason that prevented
more effective teaching in this arriculum area. Schools were very interested in
the potential of low-cost altermatives to more expensive flight training devices
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Issues Related to Technology Procurement

The wide variety of issues associated with the purchase of advenced flight
training equiprent frequently leads to several “show-stopper” questians. Should
the eventual enployer or the collegiate flight program be respansible for ad-
vanced autaetion training? Is the overall cost for advenced flight training en-
hancements out of the range of most collegiate flight programs? What burden
sharing is aporapriate for students in sugport of new flight training resources?
Can new training resources be effectively funded through rental to cutside us-
ers? What type of advanced training resources best mesh with the program’s
dojectives and furding limitations? Each of these questions will be considered
ntum.

Training Responsibility

The dojective of most aollegiate flight programs is to produce a graduate with
200 to 300 flying hours who needs sore additional experience and training
before being cansidered for duty with a camercial airline. Although exposure
to advanced flight systars is desirable, the authors’ survey indicates that mery
adninistrators believe such training falls within the respmsibility of the enploy-
Irgairlire. Roessingh et al. (1999) caducted 58 interviews with pilots ard train-
ing instructors to evaluate transitiom training for pilct upgrade to autameted air-
craft from traditioal rord-dial instrurentation. Findings fram that study sug-
oested that insufficient time is allocated to transitiom training coarses in gen-
eral, ad aircraft difference training in partiailar to adequately prepare pilcts far
eeratiaal flight dity.Although mary collegiate flight faculty members would
like to add advanced flight tedrology training to their arriada, they are pre-
vented fram doing so by staf f aailanility, limited physical resources, ard aus-
tere budgets that frequently meke such cmsiderations prchibitive (Young &
Fanjoy, 2002) . In addition to funding ard staf firng, there are a runber of other
factors that impact a school’s potential to conduct advanced autaration train-
ing. Sore collegiate flight programs have invested time and money in advenced
tedmology resources anly to experience hidden costs or find that such re-
sources did not integrate well with program goals. Extraordinary student fee
increases to sugoort activity ina new full flight similatar ar flidgit-training device,
for example, may price the overall flight program aut of the reach of nost stu-
dents. On the other hard, if the school accepts donated industry resources,
such equipment may anly provide “showroom pieces” that are too expensive to
update or meintain. Finally, intemmet-based training has been enbraced by marny
airlines as a relatively lost cost gotian, hut the cost of access to college flight
students may be unreascnable. Althouch sare level of advanced flight training
teclhmology is appropriate for most programs, meny issues must first be ad-
dressed to insure new program additions provide a good fit for the department in
questim.

Budget Tradeoffs
When flight training administrators caxduct ammual budget deliberatians, air-
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craft and the rescurces to maintain them are assigned a very high priority.The
significant costs associated with aircraft, agoing maintenance, and associ-
ated insurance forces meny collegiate aviation departments to amsider outside
fligt trainirg providers. A similar philosophy has led meny airlines to use inde-
padat fligt training caters for initial and rearrent training Warwick, 2003) .
Although similators are much cheaper and safer to geerate than actual aircraft,
modern flight similators, in sore cases, have becore more expensive than an
actual aircraft. Barber (1997) noted that modem flight simulators can ke priced
as much as ten times the cost of the aircraft they represent. Unfortunately, the
end users/system operators must “foot the bill” for such expensive techmology .
In ansideration of expensive similation assets ard the inpracticality of stu-
dent travel to distant advaenced flight training centers, collegiate programs fre-
quently are limited in the level of advanced flight training they can provide. Al-
though many college programs enploy relatively simple light airplane training
devices, few can afford an advanced full flight similator (FES) or flight training
device (FID) for their fligt studat population. Tnitial funding far either can essily
amount to several million dollars. Even when the considered resource is a do-
nated FFS or FID, shipping and installation costs alone can easily amount to
over $100,000 (W. Baumen, personal comumication, May 20, 2003). A cille-
glate program administrator must cansider the lag-term utility of hich priced
flight resources as well as hidden aosts of gperation. A flidht depertmat, for
exanple, could accept a donated advenced flight simulator anly to find that
corresponding costs of maintenance and operations consumed an inordinately
large ghare of the budget. If, on the other hard, the school elected to purchase
a state-of-the-art glass cockpit flight training device, student costs to sugport
that resource might be unacceptable. Such concems meke capital outlays for
advanced technology, either in the form of aircraft upgrades, similation equip-
ment, or extensive software/intermet sugport, unlikely for all but the most fiscally
solvent aollegiate prograns. Fortunately for the collegiate oonsurer, inrovative
campanies have begun to market lower-cost training equipment altermatives
(Fitzsimmons, 2003) .

Burden-Sharing

Student burden sharing of advanced training costs is a fact of life. Withte
arrat trad in rising tuition across the contry, additiasl fees far aircraft ad
flight similator training can easily place a collegiate aviation education aut of
the reach of most college students. Accordingly, it is inperative thet additiael
aosts of modem training resources be carefully amsidered and distributed through
multiple users, rather than sinply tacked m to existing student fees. The im-
pact of training resources on student fees can be minimized through research
grants, shared used by other campus departments, and through external fees
for autside users. A proposed new FID or aircraft upgrade, for exanple, could
find utility in sugport of a major grant for an engineering department. Desired
part task aircraft trainers might ke developed or evaluated jointly by corputer
science, educatian, or other academic wnits at the university. In additim, -
den-charing arrangements should be explored with industrial partners. The ben-
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efit of such an associatian, should ke clearly identified for a prospective partrer,
partiaularly in ansideration of the arrently depressed aviation industry . Ogoor-
tunities for a mitually beneficial partrership do exist. A ready source of fubure
hires ard training methods research are just two of the benefits that might be
dfaed. A change in the operating envirvament, however, may negate the benefit
to the industrial partrer at any time. A dowtum in the already volatile airline
industry or change of aircraft type can lead to termination of sponsorship. Such
aocems are every day fare in the camercial sector but may not be intuitive for
a collegiate flight program.

Resource Rental

Funding for new flight training resomrces may be offset through resorce rental
to atside usars far either refresher ar initial flidht training. A collese flidht pro-
gram ney e able to provide such services to individuals at a cost well below the
fees dharged by a mejor flight training center. Dry leasing of equipment by in-
dustry partrers can also provide significant sugoort for aollegiate flight program
resources and should be actively courted. Such arrangements, however, can
have negative aspects for both partners. Zn industrial partner mey require a level
of sdediling flexibility, for exanple, which does not correlate well with weskly
student use. In addition, the industrial partner mey went comonly shared re-
sources to be located near a major airline hib for easy employee access. An
airline partner may be sugoortive of a collegiate flight-training program, ut will
ot want to add extra costs to their goeration. Accordingly, crestive ad flexible
solutions may e indicated to benefit each partner.

Maintenance Concerns

Equipment maintenance and replacement parts may constitute a significant
investment in support of an advanced FFS or FID. Current industry standards
dictate a minimm of two teclnicians present in sugport of each similator dur-
ing gperatian. Although salaries for tedmicians vary widely, the ability to main-
tain equipment such as modern simulators is highly prized and commands a
regpectable amount. In addition, a standing parts inventory for a modem FFS
may amount to more than $200,000. Individual parts, whether they represent
rehosted aircraft equipment or simulated instrurents, are very expensive. A
typical “rord dial” airlirer attitce irdicatar, for exanple, may cost $20,000 to
repair or replace (W. Bauman, personal comunication, May 20, 2003). Al-
though an individual component may be conmonly used to support of a wide
variety of similatars ina typical flight training cater, a wmiversity may anly have
a sirgle flight training device, increasing the relative cost/value of each spare
component .

Resource Alternatives

Sare college programs nay desire to enter the advanced flight teclmology
merket an a gmaller scale, with a part-task trainer or computer-based training
program that uses an Intermet/CD/DVD format. Several vendors currently pro-
duce these resources in a wide range of costs and capabilities. Imherent in the
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purchase consideration is whether the media/equipment can be upgraded and
how it integrates with other systans in use by the department. If a perticular
variant of a flight menagement system is purchased, for exanple, will the skills
it supports be easily transferable to other program aircraft or classroom instruc-
tin? Is “free-play” available to reinforce student understanding of carponent
oeeration? Can a pert-task trainer such as an electronic flight instrument sys-
tem (EFIS) be integrated with programmed computer-based assets and building
space forecast by the department? Does the new resource under consideration
have to exactly duplicate an existing aircraft? Recent studies, for exanple,
seam to show that generic training devices provice a significant transfer of train-
ing to wide variety of aircraft systans (Jdmstan, 1998; Lintem & Naikar, 1999;
Taunissen, 1999) . The aost of a generdic FID can ke a fraction of that inorred for
a type-gpecific piece of flidght training equiprent. In additio, several studies m
aorputer-based training ((BT) reflect great value for that training methed, de-
Spite its minimel presentation of psychomotor aspects (Demis & Harris, 1998;
Koonce & Bramble, 1998; Moroney, Hampton, and Eggemeier, 1997; Taylar et
al, 199). The Federal Aviatim Administration (FRA) ard the airlire industry
have already accepted the findings of many of these studies and have expanded
(BT offerings as a prelude to actual FFS or aircraft training (2dams, 2003;
Doherty, 2003; Brillips, 2000).

Instructional Design

Most aollegiate flight program administrators kelieve that tedmology associ-
ated with advenced flight systems presents a significant goportunity for ad-
dressing important program geels ard further refining the hich quality of their
graduates. Advances in flight instrumentation have led to significant growth in
the flidnt training industry over the last decade, yet the costs of high-erd flight
training resources seem well aut of the reach of most collegiate flight prograns.
The authors believe there are goportunities to match new resources with pro-
gram capacity and improve the level of offerings in supcort of advanced flight
instrumentation training. Rather than indiscriminately purchasing flashy new
toys, however, program administrators must first reconsider their program do-
Jjectives and determine whether new tedmology training is appropriate for their
program ard if so, which elements are nost cost effective. Instructiawl design
methodology can be very useful in meking such a determination. Brown (2001)
described a proficiency and missian-oriented training model, developed by United
Alrlines, which sequentially considers training needs, corresponding training
dojectives, ard training devices that are matched to the dojectives. Such a
model may be very useful to college program administrators who went to update
their curriculum offerings to include modem aircraft cperations. When program
dojectives are weighed against conpeting prograny/budoetary priorities, appro-
priate training resorces can be identified.

Levels of Glass Cockpit Training

Uon review of vendor aotacts and survey information from collegiate avia-
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tim scdhools, the authors suggest three possible levels of training for aviation
programs (Fanjoy & Yary, inpress). These levels vary in aorplexity and cost.
The suggested levels are certainly not conprehensive and school administra-
tors nust evaluate curriculum dojectives and available resources in determining
an aporapriate level of advenoed flight training resources for its student popala-
tow A description of three proposed levels, including adventages, disadven-
tages, ard typical costs, is presented.

Orientation Level

An introduction to new generation aircraft can ke acoorplished at this level.
Basic norenclature, terms, and cockpit layout can be discussed. The primary
training foaus is the idantification and besic goeration of electranic flidht instru-
ment system (EFIS) corponents, such as primery flight displays (PFDs), multi-
function displays (MEDs), engine indication and crew alerting system (EICAS),
and EMS. Integration of autcomated flight systems, such as flight directors ard
autgpilots, can also be presented.

The orientation level may be accomplished through traditional teaching me-
dia and methods. Lecture, supplemented by handouts, overhead transparen-
cies, video, PowerPoint slides, and/or other similar media, is comonly used to
orient the new student to advanced cockpits. In addition, several low cost cam-
puter prograns are available to introduce glass cockpit and autamation tedol -
ogy .Advantages of the arientatio level include instructor familiarity with meterdi-
als, availability of classroors ard resources that sugport this instructioal de-
Ihery, ad relatively low cost of materials. Disadvantages may include a lack of
student interaction with the new tedmology, the use of “geeric” neterials that
do not supgport detailed training dojectives, and an irability to demmstrate how
all glass cockpit companents are integrated within the aircraft.

Materials that sugport the orientation level may ke foud over the Interet, in
textlbodks, fraom partner airlines or training orognizations, and through vendors.
Sare resources may be dbtained at no cost while others may be priced up to
several hundred dollars. This level of flight autamtion training seams very af-
fordable for most four-year schools.

Limited Familiarization Level

This level of training provides a more sgchisticated means for leamers to
becore engaged with the new technology . During this level of trainirg, stdats
are exposed to more “hands-on” operation of aircraft systems. This may be
acooplished through part-task systems media, EMS trainers, virtual cockpits,
ard other cormputer-generated displays that facilitate student interaction with
airplare systars in either a structhured ar a “free-play” fomet. Typical resources
that represent this level of training might ke system mock-up panels or interac-
tive carputer software.

Pdvantages of this level of training include increased student interaction with
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soecific aircraft systars. If the training is fooused an a partiadlar type of aircraft,
students can spend the time needed to becore proficient in the use of specific
systars. This saves valuable training time when the student transitions to an
FID, FFES, or actual aircraft. Students can work in a less stressful enviramment,
at their omn pace, using these types of educatianal devices. The main disadvan-
tages of these resocurces are increased purchase/lease costs and possible
maintenance costs above those used in the orientation level of glass cockpit
training. In additio, training is limited to a suoset of actiel aircraft systams ard
the student may not have the opportunity to master systems integration re-
quired far effective queration of the aircraft in all geses of flidght.

Typical materials that sugport this level of training can be purchased from a
munber of vendors or dotained fram partner airlines or training orgenizations.
The cost for such resources can range from several hundred to several hundred
thousard dollars. Survey findings suggest that merny collegiate aviation pro-
grans are arretly interested in resoaroes that will address this training level
(Young & Fanjoy, 2002) .

Full Integration

Schools gperating at this level enploy flidht training devices, flight simila-
tars, and/or actual aircraft to relate all goeratians, perfomence, and integration
of systenrs into ae training platform. While the mejority of glass codkpit train-
ing devices in this category are airplane specific, several vendors have devel -
aped “generic” glass cockpit trainers that represent an entire class of nodem
alrcraft (i.e. regiam\l jets) . For educatianl parposes, these devices can be used
to present the basic concepts and procedures of new generation aircraft at a
lower cost then traditianl aircraft similatars. Several airlines, aviatio schools,
ard training orgenizations are adding newer generatio training devices to their
inventary to offset training tine in actual aircraft (Seidermen, 2002) .

The full integratio level allows students to menipulate all the cotrols of the
aircraft ard to doserve the effects an variaus aircraft systams. In these training
devices most, if not all, systens are acaurately represented in all possible
modes of operation. Students will not anly be able to touch ard menipulate
aircraft system controls but also carpreherd the interrelationship of systems
to ane another . Tn additin, this type of training device may be flon, unlike lower
level resources. This allows the student to experience the operational aspects
of systams ard flidght aotrols in actual (or similated) flight coditians.

The advantace of the full integration level is that students acgquire an acourate
picture of how all systens interrelate. If a student is prepering far fligt in an
actal aircraft, a high fidelity flidght training device ar similatar can be used to
minimize safety cocems as well as actual flight time required for proficiency.
Airlire training sections arrently use modem full flight similators to great ad-
vantage. In certain training programs, airline flight crews are allowed to aan-
plete all type-rating ard airline transport pilct certificate training ard evaluation
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requirarents in a Ievel D full flight similator . The primary disadventage to this
methodology is cost — in both initial outlay and maintenance sugeort funding.
Unit costs vary fram appraxdimetely $200,000 for a “generic” device to $19M or
mare faor an aircraft-specific full flight similatar. Tn addition, significant space ad
tedmical sugport are required to goerate such devices. The high cost per hour
to operate these nmore expensive devices currently put them beyond the reach
of nmost collegiate flight training programs (Farjoy & Youg, in press).

Conclusion

Virtually all transport aircraft are now amstructed with glass aodkpit instru-
mentation and enhanced autaration. Open literature seems to indicate that
ogeral aviatim aircraft will som follow suit. A survey of college educators sug-
gests the inportance of training in the cperation of modem flight autoretion
systeans. Such knowledoe is critical to the effective preparation of college avia-
tion graduates for future enployment. The authors have identified sare key
issues and program options that may be useful when considering the dojectives
and oggoortunities of a typical aollegiate aviation program. Many aviation depart-
ments are currently pondering mejor program adjustments to meet regulatory
changes and changing department dojectives. In addition, an evolving emphasis
o research in aviation education offers the potential to resp additiawl benefits
from newly acquired training resources. Althouch the proposed levels of ad-
vanced flight training resources presented here are not intended to be prescrip-
tive, they do offer a starting point for cnsideration by menbers of a training
utt! s fligt faailty A careful ansideration of arricular dojectives ard available
resources nay present aviation faculty with an ggportunity to provide great ser-
vice both to their students and the comercial aviation comunity at larce.
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Abstract

Air traffic control and piloting are occupations traditionally consid-
ered when referring to the predictive value of spatial ability. Recent
developments in the spatial ability literature have identified a new
ability, dynamic spatial ability. Along with the ability to coordinate
information, dynamic spatial ability is considered particularly im-
portant to performance in these occupations. This study consid-
ered the predictive relevance of dynamic spatial ability and the
ability to coordinate information for training results of air traffic con-
trollers and pilots. A total of 86 trainees were administered a bat-
tery of paper-and-pencil and computerized spatial ability tests that
included specific tasks to assess dynamic spatial ability and the
ability to coordinate information. Results obtained revealed the
importance of coordinating information, either as a specific skill or
as a distinct task. Implications for current selection procedures for
air traffic controllers and pilots are considered. Recommendations
are also presented regarding the use and development of comput-
erized measures for personnel selection in general.
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Introduction

The idea that spatial ability canstitutes a segparate domein in humen intelli-
gence is prdosbly ane of the nost uncontroversial positions in the literature
(e.g., Boer, 1991; Pellegrino & Kail, 1982). However, the panorama changes
drastically when ae axsiders sgpatial ability itself. Spatial ability has been
defined in very different ways with several authors spesking of several spatial
abilities ad ot just ae (e.g., Idmen, Pellegriro, Alderton, and Regian, 1987).
Those same spatial abilities have been labeled in a variety of ways. Confusion
also is present in the literature recarding the immeasureble diversity of spatial
ability tests. Eliot and Hauptmen (1981) claimed that gpatial ability has been
referred to in such a vardety of ways thet it is diffiailt to be precise oot the
meaning of the terms.

In sgpite of this apparent disagreement, the predictive importance of spatial
ability in several oocupations is well established. Smith (1964) presented the
most detailed review an the predictive value of gpatial ability . The author pre-
sented most initial studies, sare dating to the 1920's, where it was concluded
that gpatial ability mede a positive antrilbution to the perfomence prediction of
several tedmical training courses, namely mechanics in the Royal Air Force,
technmical courses of engineering drawing, engineering apprentices, mathemat-
ics courses in college, among others. The author also considered the recom-
mendations of the United States Employment Service regarding the occupa-
tias thet required hich levels of geatial ability. In 1957, and as presented by
Smith (1964), occupatians such as architects, architectural draughtsmen, struc-
tural draughtsmen, aercnautical draughtsmen, mechanical draughtsman, indus-
trial designers, machinery and tool designers, sculptors, among others were
thought to require perfamers with very hich levels of gpatial ability. Smith (1964)
argued that several classes of engineering and draughtsmanship are empha-
sized in this list. MdGee (1979) subsequently contended that four jdo catego-
ries — engineering, science, drafting, and designing — accomnted for nearly 85%
of all jdos listed by the 1957 United States Frployment Service.

Today the list of occupations could be enlarged to include others, nanely in
the aviation domain. Carretta (1987) amsidered that geatial ability is required for
a grest variety of jdos in the military dovain, especially far pilots. A similar case
has been put forward by EUROCONTROL (1996, 2001) in what concerns air
tef fic aatrollers (ATCs) while reviewing the selection procedures adopted in
many Eurcpean countries?.

Integrated in a NATO Aircrew Selection Working Group, Carretta, Rodgers,
ard Hansen (1993) developed a project that attempted to identify the abilities
required for successful performence in piloting fighter aircraft and the instru-
ments to be used in selectio prooedures that could assess those critical abili-
tes. The most important characteristics identified were in descending order,

2 Tre literature mekes rno distinction between military and civil cotexts regarding the predictive
valte of spetial aoility. It is as if the occupatians under study are of much greater importance
then the aotext, when discussing the predictive value of spatial ability.
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situatianl awareness, spatial orientation, time-sharing, aggressiveness, divided
attention, psychamotor coordination, perceptual speed, selective attention, and
viselizatio. As for the tests proposed to evaluate these cdharacteristics, five
aut of 21 tests were measures intended to evaluate spatial orientation ard visu-

The US Air Force has an extensive battery of written tests for the selection of
pilds — The Air Force Of ficer Qulifyirg Test (AFOQT) . A detailed descriptian of
tte AFOQT can be foud in Carretta and Ree (1994). This multiple-gptitude
battery is composed of 16 paper-and-pencil tests that measure general intelli-
gaee (9) ad five geecific factars: verkal, quartitative, spatial, perosptual speed,
ard aircrew interest/aptitude®. Usually a carposite score is calculated ard
used in the selection procedure. That same carnposite score also is used as a
predictar in validatio studies.

Hunter and Burke (1994) also described how the visual domain has been
crucial for pilots. This ocoupation requires individuals to meke quick ard accu-
rate aarparisans, to identify dojects enbedded in other dojects, to establish
locatianl relationships between dojects or self and dojects, imegining how sare-
thing will lodk after darnges, etc.

Bs far ATCs, the gpatial domain has also been considered as representing
crucial abilities for successful perfomence. Several aonospts are used to refer
to the sare daracteristic of the ATC’ s jdo: mental picture, mental model, men-
tal imegery, and more recently, situation awereness. Regardless of the cmn-
cepts employed, all descriptions seem to emphasize a continuously changing
mental representation of the vast amount of informetion controllers receive.

The development and maintenance of this mental representation is depen-
dent upon a spatial component. Airtraf fic aotrol takes place in a three-dinen-
sicnal space (Hogkin, 1995) . Controllers have well-defined spatial boundaries
within which their resposibility lies. Spatial relations between aircraft, grard,
weather pattems, winds, etc are considered (Endsley & Rodgers, 1994). The
ability to transpose two-dinensianal nep informetion into three-dimensical air
space visualization is irvolved (Issac, 1995) .

M the other hard, the inportance of gpatial abilities in air traffic cotrol
Seams to be recognized worldwide (e.g., Iseac & Ruitenberg, 1999; Wing, 1991).
The EUROCONTROL survey of the selection procedures adopted for AT illus-
trated this tendency as it was concluded that 71% of the contries irvolved in

* The specific tests included in this kattery are: Verkal analogies, arithmetic reasoning, reading
comprehension, data interpretation word knowledge, math knowledge, mechanical corpre-
hension, electrical maze, scale reading, instrurent comprehension, block counting, table
reading, aviation informetion, rotated blocks, general science and hidden figures (Carretta &
Ree, 1994).

* Countries included in the survey: Austria, Belgium, Bulgaria, Czech Republic, Denmark,
Eurocontrol (Maastricht UAC), Finland, France, Germaryy, Hungary, Drelad, Ttaly, Lithuenia,
Malta, Netherlands, Norway, Poland, Portugal, Romenia, Spain, Sweden, Switzerland and
United Kingdom.
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the survey evaluated spatial abilities®.

Recatly the literatire an spatial abilities has identified a new spatial ability:
dyranic spatial ability.This new ability is defined as the ability to reasm about
movarnent ard its identification and evaluation are intrinsically related with the
use of carmputers in persamel selection (Pellegrino & Hunt, 1989, 1991) .

2Aooording to Pellegrino and Hmt (1989), the ability to deal with moving ele-
ments and dynamic gpatial relations is separate from the abilities associated
with reasoning about static spatial informetion, which are assessed by cawven-
tiaal peper-and-pacil tests.

Several occupations can be considered where the ability to meke decisions
recarding spatial events thet irvolve moving dojects or representations of noving
dojects is necessary. Law, Pellegrimo, Mitdell, Fisher, McDonald, and Hunt
(1993) omsidered that air traffic aotrollers and pilots to be good exanples of
such occupations. ATCs have to amsider data regarding relative velocities and
position of mmerocus dojects, assess that informetion, and integrate it. Pilots
also are irvolved in a dynamic context with moving dojects and also nust inte-
grate data provided fram the aibcard instruments, the aotrollers, ard their omn
perspective.

Bellegriro, Hut, Roate, and Farr (1987) emphasized that it would be impor-
tant to amalyze if this ability to represent and reasmn about dynamically charng-
ing gpatial relatians will actually better predict perfomence in jdos that seem to
require this aoility . The authors also claimed that no studies have examined the
utility of this new ability as a predictor of perfomence. Pellegrino and Hmt
(1991) suggested that dynamic spatial ability may be of great practical signifi-
cance for predicting several visual spatial reasoning activities such as piloting

When ane ansiders the descriptions of pilot and ATC jdos, it is ot anly
dynamic geatial infometion (e.g., winds, relations between aircraft) that is in-
wolved, but also veroal infametion, either aral ar written, is included. Tndeed, in
most cirourstances, wat is relevart is not the different abilities that are in-
volved, ut the way these are corbined and used. In other words, it is how ane
coordinates different types of important informetion. Exanples of the irvolve-
ment of such a skill are presented in several features of the jdos. In what am-
cems ATCs, flight strips are of crucial inportance for an acourate representation
of the airspace uder acartrol. Pilots receive verkal instructians from controllers
drirg take off, in fligt, ad in arrivel.

Barbarino’ s (1995) description of the ATC jdb is quite illustrative of this as-
pect. The author clained that the jdb “larcely deperds an the cognitive capacity
of the humen to create a clear, stable two ard often three-dimensianl picture of
the airspace ard aircraft within it fran awral ard visual data” (p. 1262) .
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Therefore, the ability to coordinate dynamic spatial and verbal informetion is
also of practical importance for these occupatians. Such ability was defined by
Yee, Hrt, ard Pellegrino (1991) ard its predictive value has vet to ke amalyzed.

This study analyzed the potential predictive value of static arnd dynamic spa-
tial ability ad the ability to coordinate infametion when predicting training re-
gilts of air traf fic antrollers ad pilats. Two hypotheses were formulated:

H, : Is dyramic spatial ability a significantly better predictar of
training reqults then static seatial doility?
H,: Is the ahbility to coodirate infametio a significantly better

Method

Participants

A total of 86 volunteers (10 female and 76 mele) were recruited from two
seecific professianl areas: air traffic cotrol ard piloting. Participerts were all
trainees/recruits in the Portuguese Alr Force military training courses of AT C
and piloting (Mean age was 22.32 with SD 4.78) . Data was collected at the
begiming of the training courses.

Instruments

Paper-and-pencil spatial ability tests. Table 1 presents the nine paper-and-
pencil administered®

Table 1
Test Author
M acQ uanrte - Copyhg Subtest M acQuante (1925)
M acQ uarre - Bbcks Subtest MacQuare (1925)
M acQ uanre - PursuiSubtest MacQuane (1925)
PMA -Spataltest Thurstone (1947)
Fhures Rotatbn Yeh (1967)
DAT -SpatalRehtbns Bennett, Seashore & W esman (1947)
SpatBlR easonihg Ameda (1992)
GATB 7 Boss, Cardhet,M aie & Muler (1963)
GATB 12 Boss, Cardhet,M aie & Muler (1963)

5 With the excsptian of Yela (1967) arnd Almeida (1992), canplete references for all paper-and-
pencil tests, publishers, and comercial availability can be found in Eliot and Smith (1981).
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List of paper-and-pencil tests administered and their authors

A main concem underlying the choice of peper-and-pencil tests was that
these measures should be in use by Portuguese organizations. The idea was
that traditiamal measures included in this study could actually be included in
arty persarel selection battery used in Portugal ard therefore would not require
a study for potential adsptation to the Portuguese population.

Computer administered tests. Dynamic spatial tests are still experimental ard
were neinly develaped for Pellegrino and Ht's studies. The relative arrival time
task used in this study is a marker of dynamic gpatial ability (law, BPellegriro
and Hmnt, 1993) . In this task subjects doserved a computer aotrolled display,
aataining a black and a white doject (referred to as targets in task descriptian) .
Each doject moved horizantally towerds its omn vertical “wall” line. The dojects
traveled horizantally across the screen over a periad of four secads, and then
disapeeared. The task was to determine which “target” would arrive first at its
regpective “wall” assuming that they continued to move at the same speed.
Speed discrimination dif ficulty (three levels), path lagth traveled by the wirming
doject (two levels), and colour of the wirming doject (two levels) were crossed
over trials. Decisians required the doserver to judge not anly how far each taroet
was fram its wall when it disappeared from the screen, but also how fast the
dojects were travelling relative to each other. Feedback was always provided,
including errors and respanses langer than nine secads. A detailed description
of the tagk can be fourd in Yee, Hunt, and Pellegrino (1991) .

Two tasks were used in order to evaluate the ability to coordinate information
(CT) . Both tasks included two components: a visual canponent that correspanded
to the dynamic gpatial ability task previcusly described ard a verbal carponent
that regarded a sentence presented in the lower part of the screen describing a
possible ocutcare of the visual component. Participants had to doserve the dy-
namic visual situation and then determine whether the sentence was a true or
false description of the situation. Difficulty of the verlal corpoent was menipu-
lated by varying gramretical carplexity. Conplerentary information regarding
the verbal component can be found in Yes et al. (1991). Tasks dif fered in the
amount of information to coordinate, with a sinple version and a more conplex
type (e.g., targets did not always start from the same point and therefore the
distance traveled would be different) .

All computer administered tests presented two performence indicators: ac-
curacy and reaction time.

Criterion Measures

For both ATC ard pilot recruits, training performence results were used as
criterion measures. Such results are usually expressed in a 0/20 scale with
values higher than 10 representing a pass mark.

Procedure
Groups of participents were amstituted according to their training classes.
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The following administration order was used: paper-and-pencil tests, dynamic
gpatial ability test, simple task of coordinating informetion, ard carplex task of
information coordination. Sore general instructions regerding the testing ses-
sion and the variety of tests being administered were given at the begiming of
the sessim. At the end of the session, participants were debriefed and the main
dojective of the study was discussed. Criterion measures were dotained through
the adninistrative services after participants concluded their training courses.

Results
Table 2 presents means, standard deviations for the entire sanple and by
occupation.

Table 2
Mean and standard deviations for entire sample and by occupation in each test
M easure Entre Sampk ATCs Pibts
M. SD. M SD M. SD

1 Copyhg 44 56 15 85 3816 13 .87 47.03 1597
2.Bbcks 1229 3.84 1038 361 13.03 3.69
3.Pumsui 27.08 7.07 27 .08 624 27.08 741
4.PMA 4010 947 3533 9.74 41 95 8.76
5.F.Ro@aton 10.74 4 26 1033 4 38 10.90 4 24
6.DAT 69 84 14 93 65.75 14 23 7142 15.00
7.SR 22.78 5.05 2138 566 23 32 4.73
8.GATB 7 27 95 5.87 26 50 633 28 .52 563
9.GATB 12 24 86 536 2392 651 2523 4 85
10.Acc.D.Spatal 75 45 12 .06 82 86 7.03 72 58 12 42
11.R Tine D.Spatal 1437 22 381 66 1538 44 403 57 1398.04 368.74
12.Acc.S:'mple CI 69 39 13 35 76 48 11.71 66 65 13.01
13.RTine Sinpk CI 219901 362.02 2264 64 39943 2173 .60 346 58
14 .Acc.CompkxCI 60 .95 946 66.75 8 .50 58.70 8.89
15.R Tine Compkx CI 2479 97 565 .24 2734 30 469 .01 2381 .52 571 .80

Table 3 presents the correlation matrix of all measures used ard the reliabil-
ity regilts.

Table 3
Correlation matrix of all measures administered
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1

M easure
1.Copyhg - 31 34 31 20 26 24 53 45 -17 -11  -06 01 -15 -14 -2
2.Bbcks - 24 40 24 41 33 33 38 -00 -16 -06 05 05 05 B
3.Pusut - 29 07 20 -11 30 24 -05 -21 -09 -03 -05 -09 S
4.PMA - 42 52 40 31 37 07 -15 -03 -01 a1 -05 94
5.F.Rotatbn - 51 32 34 35 a8 -17 17 -03 38 01 82
6.DAT - 53 35 48 25 -06 14 14 22 13 93
7.SR - 24 28 20 -06 21 04 29 03 85
8.GATB 7 - 59 -07 -20 -09 -09 -04 -07 90
9.GATB 12 - 07 -19 -07 -11 -13 -14 386
10.Acc.D.Spathl - 42 31 20 46 28 88
11.R TineD.Spatihl - 20 4l a8 24 99
12.Acc.Sinpk CI - 28 .70 36 91
13R Tine SinpECI - 24 65 97
14 .Acc.CanpkxCI - 44 89
15.R Tine Canpkx CI 99

1 -Copyhg;2 - Bbcks; 3 - Pursut;4 -PMA ;5 - Fij.Rotaton; 6 - DAT;7 - SR ;8 —

GATB 7;9 - GATB 12;10 - Accuracy Dynam & spatial; 11 - Reactbn Tin e Dynam &

Spatil; 12 -Accuracy SinpE CL 13 -R.Tine Sinpk CL 14 -Accuracy Compkx CL; 13

-R.Tine CompExCL

Ix — Conbach’alha

° - Tests thatrequie another bm ofrelabilty evaliaton.
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The procedure recommended by Yee et al. (1991) ard followed by Ramos,
Heil and Marming (2001) was adopted in order to estimete values for the coordi-
nating skill or trait. Such procedire inplies that when ane intends to demon-
strate that a coordinating trait exists, three measures have to be used:

a trait a (e.g., dyramic soarial task)

h  t=itb (e.g., verksl tak)

c trait ab (e.g., corbined task)

Two steps should then be followed: (1) Calculate the regression for the pre-
diction of trait &b (e.g. aarbined task) using traits a and b (e.g. dynanic spatial
task and verial task) as predictors; (tables 4 ard 5) (2) Galaulate the difference
etween the predicted ard actual trait ab (i.e., cobined task) . This residual
soore correspads to the coordinating skill. This procedure was followed sepa-
rately both for acaracy and reaction time thus resulting in two additiawl perfor-
mence indicators: accuracy of coordinaticon and reaction time of coordination.

Table 4
Summary of multiple regression results for calculating accuracy of coordinating
ability (N=86)

Varabk B SEB B D R’ D
Acc.Dynam & Spatial 193 063 247 003

Acc.Sinpk CI 420 .057 593 000 508 .000
Table 5

Summary of multiple regression results for calculating reaction time of coordi-
nating ability (N=86)

Varabk B SEB B p R’ p
R Tine Dynam & Spatel -.061 133 -041 648
RTimeSinpk CI 1.053 140 675 .000 435 .000

Results were amalyzed in two dif ferent geses. Initially, a forwerd stepwise
multiple regressiaon was canducted using all possible predictors of training re-
sults. Results dotained are presented in table 6.

Table 6
Summary of forward stepwise multiple regression for measures administered in
training results (N=86)

Varabk B SEB B p R’ AR’
Step 1

Acc.CompExCI 039 007 486 000 237% 237*
Step 2

Acc.CompExCI 031 008 387 000

R Tine Coowhathg 000 000 214 044 273% 036%
Step 3

Acc.CompExCI 019 010 236 080

R Tine Coowhaton 000 000 215 041

AccSinpk CI 013 007 224 076 300% 027
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Table 6 - contirmed

Varabk B SEB B p R’ AR?
Step 4

Acc.CompkxCI 019 010 235 076

R Tin e Coordihatbon 001 000 642 .006

Acc.SinpkeCI 015 007 262 037

RTmeCompEkxCI -.001 000 -479 039 336%* 036*
Step 5

Acc.CompkxCI 019 010 235 077

R Tin e Coordihatbon 001 000 643 .006

Acc.SinpkeCI 015 007 264 036

RTimeCompkxCI -001 000 -473 041

Pursui 010 010 093 305 345%* 008
Step 6

Acc.CompkxCI 022 011 270 048

R Tin e Coordihatbon 001 000 612 .009

Acc.SinpECI 013 007 231 72

RTimeCompkxCI -001 000 -437 61

Pursui 012 010 112 226

Bbcks -022 019 -111 247 356%* 011
Step 7

Acc.CompkxCI 020 011 247 069

R Tine Coordhatbn 001 000 641 006

Acc.SinpECI 013 007 224 078

RTimeCompkxCI -001 000 -462 047

Pursui 012 010 115 210

Bbcks -.034 021 -171 099

DAT .007 005 152 132 374* 018

Results of the stepwise multiple regression suggested that seven measures
are significant predictars of training results: Accuracy and Reaction Time of
Coplex CI, Reaction time of Coordination, Accuracy of Simple CI, Pursuit,
Blocks and DAT.As the adopted regression method tests the unique variance of
each predictor, it is not possible to assess the relevance of any perticular do-
mein of spatial ability (either static ar dyramic) ar the relevarnce of the ability to
ccordirate information.

In order to test the hypotheses, two hierarchical multiple regressions were
acoducted. Tn both regressions, step 1 included all the traditiamal measures of
static gatial aaility. In arder to test H, acaracy ard reaction time of the dy-
namic spatial task were added in the first hierarchical miltiple regression as a
secard step. Results can be doserved in table 7.
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Table 7
Summary of hierarchical multiple regression for predictors static spatial ability
and dynamic spatial ability (N=86)

M odel R R’ AR* Ap af1 df2 o)
1 297 .088 088 815 9 76 604
2 328 107 019 803 2 74 452

* S gnificantatp< .05
M odell:Copyng, Bbcks, Pursui, PMA,Fg.Rotaton, DAT,SR,GATB 7,GATB 12
M odel2:Copyhg, Bbcks, Pursui, PMA, Fi.Rot@atbn, DAT, SR ,GATB 7,GATB 12,

Accumrcy dynam I spatial, R eacton tin e dynam & spatal

Results dotained suggested that both static (R?=.088, n.s) ard dynamic gpatial
aoility R?*=.107, n.s) are rnot significant predictors of ATCs and pilots training
results, therefore infinmirgH, .

Inardker totest H ), accuracy and reaction time of both corplex ard sinple CT
ard acauracy and reaction time of coordinating skill were included as predictors
in step 2. Results dotained can be doserved in table 8.

Table 8

Summary of hierarchical multiple regression for predictors static spatial ability
and the ability to coordinate information (N=86)

M odel R R’ AR? Af df1 df2 D
1 297 .088 088 815 9 76 604
2 634 402 314 6122 6 70 000%

* S gnifitantatp< .05
M odell:Copyhg, Bbcks, Pumsui, PMA, Fi.Rot@atbn, DAT, SR ,GATB 7,GATB 12
M odel2 :Copyhg, Bbcks, Pursui, PMA, Fi.Rot@atbn, DAT, SR ,GATB 7,GATB 12,
Accuracy sinpk CLReactbn tin e sinpk CI Accuracy com pkx CL Reactbn
Tine compkx CL Accumcy Coordhaton, Reacton Tin e Coordhatbn

Results suggested that measures included in step 2 (i.e., measures evaluat-
ing the ability to coordinete infametian) are significant predictars of training
results of ATCs and pilots (R*=.402, p<.05) and that these measures are signifi-
catly better predictars of training results then static spatial aoility (F(6,70)=6.122,
p>.000), thus confirming H, .

Discussion

Recent develgorents in the gpatial ability literature have identified a new
goatrial ability: dyramic goatial aoility. This ability is thought to ke partiadlarly
important in cocupatians such as air traf fic aatral ad pilcting. At the same
time, these ocoupations also exhibit ancther interesting characteristic: both
required the occupent to meke decisians after considering different types of
information such as verbal and dynamic spatial information. The relevance of
these abilities far the predictim of training results of ATCs and pilots was ad-
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dressed in this study. In partiailar, this research attenpted to amalyze if both
dyranic spatial ability and the ability to coordinate infametion would ke signifi-
cantly ketter predictars of training results then static seatial aoility, therefare
omtributing to potential improvements in current selection procedures adopted
for these occupations.

In initial stepwise miltiple regression suggested that the best predictors of
trainirg results far ATCs and pilots were accuracy for corplex and sinple CI,
reactio tine for aorplex CT ard reaction time for the coordination skill or trait.
Results from the hierarchical miltiple regressions also seam to aonfirm this
initial result, i.e., significant predictars of training results are meinly associated
with the ability to coordinate informetion.

All in all, results in this research ggoear to hidhligtt the importance of inte-
grating arnd coordinating both gpatial and verbal informetion to successful train-
ing results. Catrary to the literatire, traditiael fams of evaluating spatial abil-
ity (i.e., paper-ard-pencil tests) did not reveal tharselves as significant predic-
tars of training results. Results fram the hierarchical miltiple regression also
Sean to poirt in this direction. In fact, in ader to presat statistical significance
the spatial component has to have dynamic features and be associated with

Several issues may be considered regarding this study. First, as it has been
sugested in the literatire, goatial ability is an inportant predictor of training
regilts in ATCs and pilots. However, ro distinction is mede in the literatire
regarding the predictive value of the different domins or aress that can ke iden-
tified in the gpatial darein. Therefore, it could be expected that all measures of

spatial ability would ke significant predictors of training results in sare way.

Results in this study suggested that this is not the case. Further research
chould address this issue ard try to evaluate the predictive relevance of different
static gpatial abilities. When ansidering the literature, rarely the work devel -
aed by Bellegrito ard his colleagues, spatial ability is a significant predictar
when amnsidered alag with other types of abilities. The efficiency with which
different types of information are corbined and a decision is mede seams to be
more important than individual abilities. Evaluating and respading to a gpatial
situatiom requires more then individual abilities; a gldeal response is nore than
the aggregation of distinct carpanents. A gereral decision is the result of coor-
dination and integration of information. Therefore, selection procedures should
actually mirror this jdo dharacteristic. Results fram the secad hierarchical
muiltiple regression suggested that when this characteristic is incorporated in
selection procedures, significantly ketter prediction is achieved.

Arother important issue to ke addressed is the diversity of methods that can
e used in persamel selection ard the advantages associated with the intro-
duction of computers into these procedures. The main reason underlying the
use of carputers in training programs is the increased fidelity in the way work
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situatians are portrayed (i.e., higher fidelity of scenarios) without corpromising
safety . The introduction of carputers in persarel selection in the aviation do-
main is not a new idea ard it has been put forwerd by several studies. Main
advantages associated with the use of camputers in persamel selection are:
time required for administration and socoring procedures is reduced, increased
reliability of scoring procedures, standardization of administration procedures,
etc (Bartram & Bayliss, 1984; Burke & Normmend, 1987; Hunt & Pellegrino,
1985; Skimmer & Pakula, 1986; among others). That is, advantages are mainly
associated with a more efficient management of the selection process. Disad-
vantages have also been suggested: financial investment required (not anly for
initial setip, but also for aotiruous systam upgrading) , staff training, ad in the
case of measures such as similatians, the time required for participants to cgain
enough practice with the system. What seldom is ansidered in the literature
are the benefits resulting fram the infroduction of corputers in persamel selec-
tion in terms of cotent, that is, in terms of what is evaluated. Fleishmen (1988)
oonsidered that computers could introduce substantial imovations in psycho-
logical evaluation, nanely it could lead to the identification of distinct himen
abilities. The predictive inportance of a coardiration skill for training results of
ATCs ad pilots suggested in this study illustrates this isste. A review and
aporaisal of the inmplications of cormputerized psychological assessnent in terms
of how humen abilities are today conceptualized is now overdue.

Several limitatians should ke ansidered when aralysing results of this study.
rarge restriction issues may have gpolied. In particular, it is known thet static
Spatial measures are used in the selection kattery administered to pilot candi-
dates. However, the sare is not true far ATCs. Results regarding the relevance
of static gpatial ability should therefore be interpreted with care. Rrther re-
search should address potential dif ferences between ATCs ard pilots in regard
to gatial doility . When considering mean results for ATCs and pilots presented
in table 2, it is possible to identify a pattem of results: in wet aoxems static
measures, pilots usually have better results then ATCs. However, when consid-
ering computer-administered measures, ATCs respond with higher accuracy
ard a slower reactio time then pilots. Although no specific analyses were con-
ducted to evaluate statistical significance of these differences due to sample
size issues, further research should explore the exdstence of different pattems
of results, namely in terms of response strategy. n the other hard, it also
would ke interesting to amalyse in detail issues related with mental rotation
processes in both jdbs. When such psychological processes are considered,
different types of mental rotation processes seem to be irvolved in these ooccu-
patians. In air traffic cotrol, for exanple, a typical mental rotation prdolem
would be when a target of an aircraft is displayed an radar with a heading 180°,
the aontroller has to amsider the pilot pergpective ard give instructions ansid-
erirg a ‘Wwirrar e’ (1.e., the aatxaller’'s rigt is the pildt’s left). In pilats,
mental rotation issues irvolve both psychological and physical processes, i.e.,
when mental rotation issues are amsidered in pilots, usually they are associ-
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ated with gysical rotation of the aircraft. In other wards, in pilots, mental rota-
tim issues always irvolve a physical rotation of the self (unsuccessful out-
aares of these processes result in spatial disorientation issues). In ATCs men-
tal rotatio issues rever involve this daracteristic, as rotation is anly a psydo-
logical progess. Althouch this dif ference seems clear when considering jdb de-
scriptians of both coaupatians, it has not been fully addressed by the literature.

Firelly, it is worth mentioning the inportant ef fects that may arise in terms of
face validity from the use of canputerized measures. By portraying work situa-
tians in a more reliable way or by similating specific jdo tasks, conputerized
measures nay pramwte the selection process within the current jdoholders and
axtribute to a better uderstanding of jdo characteristics within jdo candidates.

References

Almeida, L. S. (1992). Bateria de provas de raciocinio diferencial. Braca:
Universidade do Minho.

Barbarino, M. (1995). Task and jdbo description the core of humen resources
management in EATCHIP. InR. S. Jensen & L. A. Rakovan (Eds.). Proceed-
ings of the Eighth International Symposium on Aviation Psychology, vd. 2,
(pp.1259-1264) . Colurbus CH: Chio State University.

Bartram, D. & Bayliss, R. (1984). Autarated testing: past, present ard future.
Journal of Occupational Psychology, 57, 221-237.

Boer, L. C. (1991). Seatial ability ard ardentation of pilcts. InR. Gl & A. D.
Mangelsdorff ®k.). Handbook of Military Psychology (pp. 103-114).
Chichester: Jom Wiley & Sons.

Burke, M. J. & Normmerd, J. (1987) . Camputerized psychological testing: over-
view ard critique. Professional Psychology: research and practice, 18, 42-
51.

Carretta, T.R. (1987). Spatial ability as a predictor of flight training performance.
(Report no. FHRL-TP-86-70) Brooks Air Force Base, Texas: Air Force Hu-
man Resources Laboratory,Air Force Systems Command.

Carretta, T. R. & Ree, M. J. (1994) . Pilot-candidate selection method: sources
of validity . International Journal of Aviation Psychology, 4, 103-117.

Carretta, T. R., Rodgers, M. N. & Hansen, I. (1993). The Identification of Ability
Requirements and Selection Instruments for Fighter Pilot Training. (Report
ro. AL/HR-TP-1993-0016) Armstrong Laboratory, Brocks Air Force Base,
Texas: Air Force Human Resources Laboratory,Air Force Systems Com-
mand.

Eliot, J. & Hauptmen, A. (1981) . Dif ferent dimensians of spatial aoility. Studies
in Science Education, 8, 45-66.

Elict, J. &Suith, I. M. (1983). An International Directory of Spatial Tests. Wirdsar,
UK: NFER-Nelson.

Endsley, M. C. Rodgers, M. D. (1994). Situation Awareness Information Re-

Dynamic Spatial Ability & Ability to Coordinate Information

239



240

quirements for En Route Air Traffic Control. (Report no. DOT/FAA/AM-94/
27) . Waghington D.C.: U. S. Department of Transportation, Federal Aviatim
Administration.

Rurocantrol (1996) . Guidelines for selection procedures and tests for ab initio
trainee controllers. Brussels: Buroootrol.

Eurcoontrol (2001) . Guidelines for selection procedures and tests for ab initio
trainee controllers. Brussels: Euroomtrol.

Fleighhen, E. A. (1988). Sore new frontiers in persamel selection research.
Personnel Psychology, 41, 679-701.

Hopkin, V. D. (19%). Human Factors in Air Traffic Control. Tondon: Taylor &
Francis.

Hmnt, E. & Pellegrino, J. W. (1985). Using interactive computing to expand
intelligence testing: a critique ard progpectus. Intelligence, 12, 77-100.
Hunter, D. R. & Burke, E. F. (19%) . Predicting aircraft pilot-training success: a
meta-analysis of published research. International Journal of Aviation Psy-

chology, 4, 297-313.

Issac, A. R. (1995) . Short-term memory and advanced technology: the use of
imegery in air traffic cottrol. InN. Jdmston, R. Fuller & N. MdDaeld (Bs.) .
Aviation Psychology: training and selection (Proceedings of the 21st amfer-
ence of the European Asscciatiom for Aviation Psychology, wol. 2, go. 107-
111). Aldershot: Avebury Aviation.

Issec, A. R. & Ruiterboerg, B. (1999). Air Traffic Control: human performance
factors. Aldershot, UK: Ashgate.

Law, D. J., Rellegrimo, J. W. & Hmt, E. B. (1993) . Carparing the tortoise and
the hare: gender differences and experience in dynamic spatial reasoning.
Psychological Science, 4, 35-40.

Lohman, D. F., Rellegrirp, J. W, Alderton, D. L. & Regian, J. W. (1987). Dinen-
sians arnd acarponents of individual differences in gpatial abilities. In S. H.
Irvine ard S. E. Newstead (Eds.) Intelligence and cognition: contemporary
frames of reference (gp. 253-312) . Dordrecht, Netherlards: Martirus Nijhoff
Publichers

McGee, M. G. (1979) . Huren spatial abilities: psychoretric studies and ernvi-
ramental, genetic, hormmoal, and neurological influences. Psychological
Bulletin, 86, 889-918.

Pellegrino, J. W. & Hmnt, E. B. (1989). Corputer-controlled assessment of
static ard dyramic gpatial reasoing. InR. F. Dillon & J. W. Rellegriro (Bk.).
Testing: theoretical and applied perspectives (gp. 174-198) . New York: Prasger.

Pellegrimo, J. W. & Hmt, E. B. (1991) . Cognitive models for understanding and
assessing spatial abilities. In H. A. H. Rowe (Eds.). Intelligence:
reconceptualization and measurement (go. 203-225) . Hillsdale, NJ: Lawrence
Erlbaum Associates.

Pellegrino, J. W., Hrt, E. B., Roate, R & Farr, S. (1987). A computer-based
test battery for the assessment of static and dynamic spatial reasoning

International Journal of Applied Aviation Studies



aoilities. Behaviour Methods, Instruments & Computers, 19, 231-236

Pellegrimo, J. W. & Kail, R. (1982) . Process armalyses of spatial gptitude. nR.J.
Sterrberg (E4.) . Advances in the Psychology of Human Intelligence, td. 1,
po. 311-365) . Hillsdale, NJ: Lawrence Erlbaum.

Ramos, R. A., Heil, M. C. & Marming, C. A. (2001) . Documentation of validity for
AT_SAT computerized test battery (Report no. DOT/FAA/AM-01/6) Wash-
ington DC: U.S. Department of Trensportation, Federal Aviation Administra-
tHan.

Skimmer, H. A. & bakula, A. (1986) . Challenge of camputers in psychological
assessment. Professional Psychology: research and practice, 17, 44-50.
Suith, I. M. (1964). Spatial Ability: its educational and social significance. Ion-

dm: Unhiversity of London Press.

W irg, H. (1991). Selectirg far air traf fic cotral: the gtate of the art. In J. A
W ise, V. D. Hogkin & M. L. Smith (Eds.). Automation and systems issues in
air traffic control, (NATO ASI series vol. F73, pp. 409-427), Berlin: Springer-
Verlag.

Yee, P. L., Hrt, E. & Bellegriro, J. W. (1991) . Coordinating cognitive informa-
timn: task effects ard individial differences in integration infometion fran
several soarces. Cognitive Psychology, 23, 615-680.

Yela, M. (1967) . Rotagdo de Figuras Macigas — RFM .2daptagdo portuguesa de
1985. Lisboa: Secgdo de estudos de Testes da Cegoc-TEA.

Dynamic Spatial Ability & Ability to Coordinate Information

241



242 International Journal of Applied Aviation Studies



Intematiarl Joamel of Agplied Aviation Studies, 3, 2
Copyright © 2003, FAAAcademy, Oklahoma City, OK

A Study of Safety Culture at an
Aviation Organization:

Manoj S. Patankar
Saint Louis University
Parks College of Engineering and Aviation
3450 Lindell Boulevard
Saint Louis, MO 63156-0907

Abstract

Safety culture research in aviation indicates that national, organi-
zational, and professional cultures influence the overall safety cul-
ture in any given organization. Such research has been a result of
the somewhat divergent developments in the fields of crew resource
management and maintenance resource management. Therefore,
different research groups, with somewhat different research meth-
ods, have been involved in the studies of flight operations person-
nel and maintenance personnel. This study is unique in that it pre-
sents an analysis of the extant safety culture in one aviation organi-
zation—using both flight operations personnel as well as mainte-
nance personnel—and using a common questionnaire. The sur-
vey reported in this article is based on a survey of a stratified sample
of flight operations personnel, maintenance personnel, and other
employees to measure individual attitudes regarding safety and
their opinions regarding the factors that may contribute toward their
accident-free safety record. In the case of this particular partner
company, the success factors were identified as follows: emphasis
on compliance with the Standard Operating Procedures, collective
commitment to safety, individual sense of responsibility toward
safety, and the high level of employee-management trust.

* This study was made possible due to the proactive management at the partner company.E
is the author
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Introduction

In the past two decades, the related fields of Crew Resource Management
(CRM) and Maintenance Resource Management (MRM) have grown somewhat
independently.Although the early MRM programs were based on the extant
CRM programs, both CRM and MRM programs have matured along separate
tracks. Tnitdally, both programs were based on the need to inprove interpersonal
comunication, teanwork, awareness about humen performence limitations,
and urderstanding of certain orgenizational factors that may contribute toward
accidents. Majority of the CRM research has been conducted by Professor
Helnmreich ard his team fram the Uhiversity of Texas at Houstan, and mejority of
the MRM research has been conducted by Professor Taylor ard his team start-
ing at University of Southem Califomia and culminating in Santa Clara Univer-
gity. While Helmreich used a survey questiomaire called Cockpit Management
Attitudes Questiamaire (and later Flight Managament Attitudes Questiarmire),
Taylor used a survey questicmaire called MRM/Technical Operations Question-
raire. Although sare of the items in these questiamaires are similar, they have
evolved significantly throughout the last 15-20 years of research. Helmreich’s
questiaraires were designed for pilots ard Taylar ‘s questicmaire was designed
for maintenance persamel . As such, both researchers conducted their research
amog different populations using different survey questiamraires.

This article presents a study that used ane questiamaire—called the Orga-
nizaticnal Safety Culture Questiamaire (OSAR)—to assess the safety attitudes
and opinions among flight cperations persamel, maintenance persomel, and
other employees at one partner organization. The OSD is a conposite of
items that have been used in the flight operations, maintenance, and orgeniza-
tional culture domains, ard a few additional items. The new items were used to
assess perceptions regarding professicnalism and specific factors that may
oatribute toward the orgenizatian’s safety record.

This study, unlike other studies in CRM and MRM, was not conducted in
cojunction with, or in regpose to, any training or intervention programs. This
was sinply an exploratory study to determine the factors that may contribute to
accident-free safety record of the partrer orcanization.

Literature Review

Safety Culture

Qilture, in general, is accspted as a set of dhared beliefs, noms, attitudes,
and practices within a certain population (Pidgeon & O'Leary, 1995). When
these parameters were studied with respect to safety attitudes and behaviors
anayg pilots, Helmreich ard Merritt (1998) classified aulture, or rather safety
adture, into three areas: ratiawl ailtire, argpnizatiawl aulture, ard profes-
siaal ailture. Differences in matianl cultures are typically categorized in terms
of collectiviam or individualism (cf. Hofstede, 1984) . Accordingly, westem Furo-
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peans terd e nore individualistic in their attitudes and behaviors conpared to
their Asian and Iatin Arerican counterparts. Dif ferences in organizatiael aul-
tures have been measured in terms of factors such as safety conpliance, haz-
ard comunication practices, and enployee-management trust (Ciavarelli &
Figlock, 1997; ard Taylar, 1995) . Orgenizations with nore positive safety aul-
tures tend to have better commication among their enployees, higher levels
of assertiveness, and higher levels of employee-menagement trust. From the
perspective of differences in professianl cultures, Helmreich and Merritt (1998)
reported that the pilots were more individualistic then the surgeons. Subse-
quently, Taylor and Patankar (1999) reported that mechanics were more indi-
vidslistic then pilats. Taylor and Patankar categorized maintenance profes-
sianls according to the type of their licensure: either based an the U.K.-Civil
Aviatim Authority’ s (CRA’S) system of Aircraft Maintenance Engineer or based
o the U.S.-Federal Aviatim Administration’s (FAA‘S) system of Aircraft Me-
cdenic. Taylor and Patankar discovered that the CARA-based system tends to
e more collectivistic then the FAA-based system.

Measuring Instruments

Traditiaslly, survey questicmaires such as the Cockpit Management Ati-
tudes Questicmaire (Helnreich, Foushee, Benson, & Roussini, 1986), Mainte-
nance Resource Management/Tedmical Qperatians Questiamaire (Taylar, 19%),
and Command Safety Assessment Questicmaire (Ciavarelli & Figlock, 1997)
have been used to study the safety attitudes amog either the flight goerations
persamel or the maintenance persomel .

The Cockpit Management Attitudes Questionnaire (CMAQ). The CMAQ was
ariginally developed to measure pilot attitudes and cpinians regarding safety in
the cockpit. When Helnreich and Merritt first discovered that the responses
received fram Taiwen were significantly dif ferent fram their predaninantly Ameri-
can sample, they added items to specifically measure differences that may
exist based on differences in national cultures. Thus, sare of Hofstede’s itens
were included in the QVAQ (later changed to Flight Management Attitudes
Questiomaire—FMAQ) by Helmreich and Merritt. QMAQ/FMAQ, in its latest
form contains 86 items and has been administered at mumercus airlines world-
wide (Helmreich & Merritt, 1998) .

The Maintenance Resource Management/Technical Operations Question-
naire (MRM/TOQ). The MRM/TOQ was originally develcoped from the CMAQ,
but has undergare several revisions, at times based an a serdies of factor amaly-
ses ard at tines to incorporate itams related to interpersanl trust. In its latest
form, the MRM/TOQ contains 15 items on a five-point agreement scale. Re-
spandents are asked to express their degree of agreament in a series of state-
ments. The MRM/TOQ has been administered gldoally to over 5000 aircraft
maintenance persomel (Taylor ard Thomas, 2001) .

The Command Safety Assessment Questionnaire (CSAQ). The CSAQ, in

A Study of Safety Culture at an Aviation Organization

245



246

its latest fomm, is a 62-item questiarmire (for civilian use) thet incorporates
“merty of the measurable components of high-reliability orgenizations” and has
een used extensively in the naval aviation domein (with 57 items) . Responses
to each item an this questiamaire are rated o a seven-point Likert-type scale.
The results from CSAQ studies have been used by the United States Navy to
provide feedoack to the Navy’s human factors Quality Management Board con-
ducting a aarprehensive study of aircraft accidents (Clavarelli & Figlock, 1997) .

Methodology

Goal

The goal of this study wes to identify factors that cotribute to the partrer
orcenization’ s accident-free safety record. A survey methodology was used to
conduct this study.

Survey Questionnaires

In order to conbine flight goerations persarmel, maintenance persamel, and
other employees in the same study, using a common questicmaire, relevant
questions from the CMAQ, MRM/TOQ, and the CSAQ were extracted. A few
new questions aimed at testing the organizational attachment and the percep-
tion of professiaalism between the flight operatians persamel and the mainte-
nance persomel were added.

A stratified sanple ansisting of a statistically mesningful representation of
meintenance, flight cperations, and other employees was selected. Within each
professiaal graap, all the participants received the Organizaticnal Safety Qul-
ture Questiaraire (see Appendix) via the subject company’ s meil distrilburion
system. The participents filled-cut the survey arnd mailed them directly to the
Principal Trivestigator at Saint Louis Uhiversity (SLU) . The research team at SLU
then coded the survey data.

At the subject carparny, there are aporaxdmately 497 flight cperations em-
ployees (required sample size = 217), 177 maintenance employees (required
sanple size = 123), and 48 other enployees (required sanple size = 44) . The
requisite sanple sizes, per Gay and Alrasian (2003, p. 113), for each group are
indicated in the parentheses.

The data collected through the Organizational Safety Culture Questiamaire
was analyzed as follows:

a. fFactorAnalysis:A factor analysis of the questiaraire items was
performed to determine the factor groupings or scales with which
each item may associate. Past research (Taylar, 1995; Claverelli &
Figlack, 1997; ard Belmreich et al., 1986), with similar items, indi-
cates that scales such as trust, power distance, hazard commmi-
cation, etc. have ererged. Since the present questiaraire is sore-
what different fram those used in the past research, additiawl or
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df ferent scales were likely.

b. Comparison Across Groups: Mean scores on each of the scales
derived from factor analysis were compared across professional
groups. Aalysis of Variance (ANOVAR) tests were performed to
test the significance of the differences that may exist across these
Groups.

Inclusion Criteria

The Orgenizational Safety Qulture Questiamaire was sent to all the employ-
ees in flight operations, meintenance, and rest of the company . Tre distribution,
response, and required sample size are sumerized in Table 1. Cosidering the
gmell sanple size, all the responses were included in the analysis.

Table 1
Distribution, Responses, and Required Sample Sizes

Job Category Surweys R esponses Requied
D strbuted | Receied Sampk Sze

Pibts 497 227 @6%) 217

M antenance 177 124 (70% ) 123
O therEm pbyees 48 48 (100% ) 44

Total 722 399 (55%) 196%*

*The total required sample sized is based on total surveys distributed, not the sum of the
preceding required sanple sizes.

Results

Description of the Samples

Qut of the 722 surveys distributed among maintenance, flight cperations,
and other enployees, 399 surveys were returned. Seventy percent of mainte-
nance persarel retumed their surveys, 46% of flight cperations persamel re-
tumed their surveys, and 100% of the other enployees returmed their surveys. In
the response sanple, 57% were flight crew persomel, 31% were maintenance
persamel, and 12% were other employees.

Analysis of Responses to the Organizational Safety Culture Questionnaire

A factor analysis was aoducted across the itarns in the Organizatiaal Safety
Qulture Questiamaire. As a result of such amalysis, eight scales emerged: pride
in company, professiawlism, safety, supervisor trust ard safety, e fects of my
stress, need to gpeak-up, safety campliance, and hazard caomunication. These
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scales are amsistent with those reported by Taylar (1995), Clavarelli ard Figlodk
(1997), and Belmreich et al. (1986).

Respanses to questions regarding the perceptions of professional imege of
pilots and mechanics across the three groups indicate that both mechanics as
well as other employees seem to think that pilots practice high standards of
safety. While other employees seemed to have similar opinion about mechan-
ics, the pilots did mot think thet the medhenics practiced hich standards of
safety .

Cf the varicus scales identified in this study, only Pride in Comparty, Safety
Opinions, and Supervisor Trust and Safety, are disassed indetail in this article
because they are nmost relevant to the goal of this study. Each scale was tested
for relisbility using Cratedh’ sAlpha: Pride in Carparty tested at 0.88 (n=397),
Safety Opinions tested at 0.79 (n=400), and Supervisor Trust and Safety tested
at 0.85 (n=389) .

Pride in Company

The following itams were included in this category: “Working here is like
keing a part of a large family,” “I am proud to work for this aarpary,” “I am awere
of my company’ s mission, values, arnd core ideology,” and “My company is the
‘Best in the business’ . Figure 1 shows the overall rating by the three employee
groups an a scale of 1-5 (1=straongly disagree, 2=disagree, 3=neutral, 4=agree,
and S=stragly agree) .

5.00 1

4 .50

Significant (p < 0.000) 411 Significant (p < 0.001)

4.00

352
350

250 7

Significant
(p < 0.008)

FlghtCrew M anntenance Crew OtherEm ployees

Figure 1. Comparison across the three employee groups cn “Pride in Camparny”

Aralysis of Variance (ANOVA) test an Pride in Company revealed thaet the
differences in the three arployee groups’ ratings were statistically significant
(p<0.000) . Thrus, there was a better than 99.99% pradoability that these ratings
were not due to a random or chance error.
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A further aralysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (p<0.000), between maintenance and other employees
(0<0.001) , and between flight crew and other enployees (p<0.008) . The mainte-
nance crew is most proud to work for this company.

Safety Opinions

The following itams were included in this category: “Safety in this orcaniza-
tim is larcely due to good ludk” (scored an reverse scale), “Safety in this orcp-
nizatim is larcely due to adherance to the standard qoerating procedires,”  “Safety
in this orgenizatio is larcely due to aur collective comitment to safety,” “Safety
in this arggnizatio is larcely due to the effarts of a few key individsls” (scored
o reverse scale), “Safety in this orgenization is largely due to positive charges
resulting from our past experience with incidents and/or accidents,” and “Safety
is my responsibility ” Figure 2 shows the overall rating by the three erployee
groups an a scale of 1-5 (1=stragly disagree, 2=disagree, 3=neutral, 4=agree,
ard S=strangly agree) .

5.00 7

450 1 Significant (p < 0.000) 420 Significant (p < 0.000)

4.00 1

3.68 363
3.50 7

3.00 7
250 1
2.00 1
1.50 7
1.00 7

0.50 7

0.00
Flght Crew Maitenance Crew O therEmpbyees

Figure 2. Camparison across the three employee groups on “Safety Opinions”

Aalysis of Variance (ANOVA) test an Safety revesled thet the dif ferences in
the three enployee groups’ ratings were statistically significant (p<0.000) . Thus,
there was a better than 99.99% prdoability that these ratings were not due to a
random or chance error.

A further analysis of differences in ratings between graups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (pP<0.000) and between maintenance and other employ-
ess (p<0.000) . The maintenance crew rated the organizational safety at the
highest leel.
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Supervisor Trust and Safety

The following itams were included in this category: “I feel canfortable going
to my supervisor’s office to discuss prdolans or gperatiaal issues,” “T know the
proper charmels to route questians regarding safety practices,” "My supervisor
can be trusted,” “T am ot canfortable reporting a safety violation because pecple
in my orcganization would react necatively towerd me” (scored an reverse scale),
"Wy supervisor listens to me and cares about my concerns,” “My Supervisor
protects anfidential or sensitive informetion,” “Within my orggnization, good
comunications flow exists up an down the orgenizational chain of commend, ”
and "My suggestions about safety would be acted upon if I expressed them to
my supervisor.” Figure 3 shows the overall rating by the three enployee groups
a a scale of 1-5 (1=strangly disagree, 2=disagree, 3=neutral, 4=agree, ard
S=stragly agree) .

5.00 7

Significant (p < 0.000)

450 1 Significant (p < 0.000)

Significant (p < 0.008)

FlghtCrew Mahtenance Crew OtherEm ployees

Figure 3: Comparison across the three employee groups on “Supervisor Trust
ard Safety”

Aralysis of Variance (ANOVA) test an Supervisor Trust and Safety revealed
that the differences in the three enployee graups’ ratings were statistically sig-
nificar (p<0.000) . Thus, there was a better than 99.99% praoability that these
ratings were not due to a random or chance error.

A further amalysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (pP<0.000), between maintenance and other employees

{0<0.000) , and between flight crew and other enployees (p<0.008) . The mainte-
nance crew rated the supervisor trust at the highest level.

Furthermmore, it is extrenely important to note that since the U.S. natiamal
average an this scale for maintenance persamel is 3.50/5.00 (n=2938, five com-

International Journal of Applied Aviation Studies



penies) (Taylar & Thomas, 2001), the subject company’ s maintenance person-
rel have the highest level of supervisor trust in the industry .

Factors Contributing to the Company’s Accident-free Safety Record

The ultimate goal of this study was to identify the daracteristics that may
contribute toward the accident-free safety record of the partner canparty . Re-
spanses to the following five itams were aralyzed: “Safety in this organization
is larcely due to good ludk,” “Safety in this arggnization is laroely die to adher-
ence to the standard qeerating procedires, ” “Safety in this arggnization is larcely
due to aur collective comitment to safety,” “Safety in this aganization is larcely
dee to the effarts of a few key individuals,” and “Safety is my respansibility”
Figures 4 - 8 show the overall rating by the three enployee groups an a scale of
1-5 (I=stragly disagree, 2=disagree, 3=neutral, 4=agree, ard 5=stragly agree) .

Significant (p < 0.000)

3 A 287

FlghtCrew Mantenance Crew O therEm pbyees

Figure 4. Carparison across the three erployee groups on “Safety is due to
Tuck”

Aralysis of Variance (ANOVAR) test an Safety is due to Luck revesled that
the differences in the three enployee groups’ ratings were staristically signifi-
at (p<0.000). Thus, there was a better than 99.99% prdosbility that these
ratings were not due to a random or chance error.

A further aralysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (p<0.000) The flight crew seemed to think that safety
was due to luck, more than the other employee groups.
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Figure 5. Carparison across the three employee groups on “Safety is due to
Standard Operating Procedures”

Aralysis of Variance (ANOVA) test an Safety is due to Standard Operating
Procedures revealed that the differences in the three enployee groups’ ratings
vere statistically significant (p<0.022) . Thus, there was a better than 97% prdo-
ability that these ratings were not due to a randam or chance error .

A further amalysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between main-
tenance and other employees (pP<0.022) and flight crew and other employees
(p<0.022) . The flight crew and the maintenance persamel seemed to attribute
safety to standard operating procedures, more than the other enployees did.

5
Significant (p < 0.000) Significant (p < 0.003)

45
415
401
4
369

354

34
251

24
154

14
05

0 T T 1

FlightCrew M aintenance Crew OtherEm pbyees

Figure 6. Carmparison across the three employee groups on “Safety is due to
oollective commitment to safety”

Aralysis of Variance (ANOVAR) test an Safety is Collective Commitment to
Safety revealed that the differences in the three enployee groups’ ratings were
statistically significat (p<0.000) . Thus, there was a better than 99.99% prdo-
ability that these ratings were not due to a random or chence error.
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A further aralysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (pP<0.000) and maintenance and other employees
(0<0.003) . The maintenance persamel seared to attribute safety to a collec-
tive conmitment, more than the other employee groups.

286
258
243

251

24
15
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05 A

0 T T 1

FlightCrew M antenance Crew OtherEm plyees

Figure 7. Comparison across the three employee groups on “Safety due to
effarts of key individels”

Mralysis of Variance (ANOVA) test an Safety is due to Efforts of Key Indi-
viduals revealed that the differences in the three enployee grogps’ ratings were
ot statistically significant. It is safe to say thet all enployee groups disagreed
with this item; therefore, they recarded safety as a team effort.
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FlghtCrew M aintenance Crew O therEm pbyees

Figure 8. Camparison across the three employee groups on “Safety is my re-
soasibility”

Mralysis of Variance (ANOVA) test an Safety is My Responsibility revealed
that the differences in the three arployee graups’ ratings were statistically sig-
nificat (p<0.001). Thus, there was a better than 99.99% praoability that these
ratings were not due to a random or chance error.
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A further amalysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and other employees (p<0.001) and between maintenance and other em-
ployees (p<0.005) . Both the flight crew and the maintenance persamel seemed
to acospt nore respansibility for safety. Such ownership is amsistent with their
legpl respmsibilities derived fram their respective FAA cxtifictes. Also, it is
nomel for pilots to feel the nost respansible for safety because they risk their
own lives when safety is compromised.

Discussion

The results of this research indicate that the enployees are proud to work for
this company, they trust that their menagerent will meke decisions in the inter-
est of safety, they emphasize consistent use of Standard Operating Proce-
dres, ad they thirk thet safety is truly a result of their collective effarts. The
flight crew and the maintenance crew also exhibit a very high sense of persaial
respsibility towerd the safety of flight.

The most important element that distinguishes this conmparty from most other
airlines and repair statians studied by Taylor and Patankar (2001), however,is
that the maintenance crew in this comparny exhibit a very high sense of trust in
their menagament: they trust that their menagers will meke decisions in the
interest of safety. Goglia, Patankar, ad Taylor (2002) reported that up to about
ae-third of the mechanics in the United States do not trust that their menagers
will act in the interest of safety . Therefore, when the mechanic-to-management
trust is high, it is highly comendable. Cawersely, a ladk of such trust is a
strang indicator of sericus orcanizatical prdolears.

As more and more aviation companies strive to implement a confidential
error-reporting program such as the Aviation Safety Action Program, the level of
enployee-menaganent trust is likely to play a vital role in the success of such
programs. Therefore, before trying to inplerent ary error-reporting programs, it
would be prudent to assess the organizational readiness to accept such pro-
grams. The organizational safety culture survey presented in this study would
be effective in measuring the extant safety climete, especially an Pride in Com-
pany, Safety Opinions, ard Supervisor Trust and Safety.

Conclusion

Strong emphasis on compliance with the Standard Operating Procedures,
collective comitment to safety, individual sense of regomsibility toward safety,
ard the high level of enployee-meragenent trust are the factors that contribute
toward the accident-free safety record of the aviation organization reported in
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Appendix
ORGANIZATIONAL SAFETY CULTURE QUESTIONNAIRE
I. BACKGROUND INFORMATION: Today’s Date: / /

For Flight Crew:

é'oc mw Postbn:Capah_ FO___ 7. PastExperience orTrmihhg: # ofyears: fillhh bebw)
M iiary: (Y ears of service)

2.Status: Line Pibt Thstuctor C ivitan Private School): (Years ofsewie)

Check Pibt M anagem ent O therA irlne Use Name (years) omatl:

3.Base Ciy orStaton:

4.Fket QL type and seres): 8. Gender:Mak Femak

5.Years ofexperence h thi aicmf: 9. Yearofbith:19

6.Years as a pibti this artne: 10.Cizenshp:

For Maintenance Crew:

1.J0b Tie: 7.PastExperince orTrahihg: §# ofyears: fillihh bebw)
M iliary: (Years) Tmde School: Years)

2.Years n M antenance atyourcom pany: Colege: (Years) O therCompany
UseName (years) om atl:

3.CiyorStaton:

4. PresentShif: 8.M ark type ofem pbym ent:ReguhrEm pbyee

Contractor
5 GenderMak Femak 9.W h.ele do youworkk? Lie Hangar QcC
E— E— Phnnhg Shop
6. Vearofbith:19 € itk onel Stores Engheerng
f— Appeamnce O ther
For All Other Employees:

1.Job Tik: 7 .PastExperence orTmanhg: # ofyears: fillh bebw)

2.Years n yourdeparm entatyourcom pany: M iltary: (Years) Tmade School: Years)
Colege: (Years) OtherCom pany

UseName fyears) om atl:
3.CityorStaton:

4. PresentShift: 8.Mark type ofem pbym ent:ReguhrEm pbyee

Contactor
5. Gender:Mak Femak 9.W here do you work? Lie Hangar QcC
Plnnhg Shop
6. Yearofbith: € icke onel Ramp Custom erSewte
Store
Engheerng Appeamnce
O ther
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FLIGHT/MAINTENANCE OPERATIONS ATTITUDES:

1

Stongly D kagree

E F
SIghtly Disagree

Neutmal

’ 4

S Ightly Agree

5
Stongl Agree

Using the above scale, please circle the muber that best describes your

Qoirian.
1234 1. Ourcompany'’s safety practces 1 9. Team mem bers should avodl
5 are consktentw th the publshed | 5 dBagreeig w th one another.
cowporte valies and m Esbn.
1234 2. Ourcompany pwovies adequate | 1 10.  Ouritemalhazar dentficaton and
5 safety equipm ent. 5 m anagem entprogram & effective .
1234 3. Ifeelcom orabk gohgtomy 1 11. i in portantto avoi negatie
5 supewisors offire to discuss 5 comm ents aboutthe procedures and
pwbEm s oropermtbnalisues. technijues of otherteam m embers.
1234 4. My coleagues use the 1 12. W e shoul always provie both w riten
5 appmoprate safety equim entat 5 and verbaltumoverto the oncom hg
alltnes. shift
1234 5. TIam encoumged bymy 1 13. Startofshitteam meetihgs are
5 supewisors and cow orkers to 5 In portantorsafety and orefiective
reportany unsafe condibns I team m anagem ent
m ay observe.
1234 6. Ourmechanis practre the 1 14. W e rceie adequate am ountofsafety
5 hphestm ahtenance standards. 5 tahhg.
1234 7. Ourdrvers practice the hhest 1 15. Ourmmp agents practie the hhest
5 standaxds ofprofessinalsm . 5 standaxds ofprofessinalsm .
1234 8. The peopk thatIwork wih 1 16. Ourpibts practie the hghest
5 com pl w ih the com pany’s 5 standaxds ofprofessnalsm .
Standaxd O perating
Pmwcedures, enerml
M antenance M anualPublshed
Com pany Procedure,
ITI. GENERAL SAFETY CULTURE: Questions for ALL Employees

1

Stongly D kagree

2 ’ 3
SIghtly Diagree

Neutmal

4
’ S Ightly Agree

5
Stongl Agree

Using the above scale, please circle the muber that best describes your

Qoirian.
1234 17. Evenwhen Iam fatgued, Iperfom 4 5 34. Myowankatbn uses an htemal
5 effectivel during criicalphases of audtand hazamr rportig system to
woik. catch any probkm s thatm ay kad to
an accient.
1234 18. Tknow the properchannelk to wute 4 5 35. My supewsorpmwtects confidential
5 questbns regarding safety orsensiwve nfom aton.
practies.
1234 19. Havig the tustand confidence of 4 5 36. Iam aware ofmy company’s
5 my coworkers is In portant. m Esbn, valies, and cor deobgy.
1234 20. A twly professbnalteam member 4 5 37. Mycompany & the ‘Bestn the
5 can kave personalpmwblkem s Bushess.”
behihd when workihg.
1234 21. Allempbyees shoul m ake the 4 5 38. Iam adequatel taned t conduct
5 effortto osteropen, honest, and allofmy b duties and
shcere communiaton. responsbilies.
1234 22. My supewsorcan be tmsted. 4 5 39. W ithhmyomankzaton,good
5 comm unitatons fow exists up and
down the organZzatbnalchahn of
comm and.
1234 23. A debrefing and crijue of 4 5 40. Comm uniatbn betw een pibts and
5 procedures and decsbns aftera m echants shoul be encouraged.
synifranttask & compkted & an
in portantpartofdevebpig and
mahtahhg eflective coodiaton.
1234 24. PpersonalpwbEm s can adversely 4 5 41. Safety n this organzaton & hgel
5 affectm y perform ance . due to good lick.
1234 25. My coworkers valied consitency 4 5 42. Safety nn ths organkzaton & higel
5 between words and actons. due to adherence to the standard

opemthg procedures
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1234 29
5
1234 30
5
1234 31
5
1234 32
5
1234 33
5

W orkihg here & Ike behg a partof
a bhge fam ily.

Iam proud to work rthi
com pany.

My omganizaton cbsel m oniors
qualty and conects any deviatons
fiom establshed qualty standards.

T my organkzatbn, deviatons from
publshed pmocedures are re.
Iam notcom forablk wportg a
safety vbhton because peopk 1
my omganizaton woul react
negatvel toward me.

W e are pmactie 1 hazard
Hentifratbn and m anagem ent.
Iam awar ofa selfreportng
system forincients.

My superwBorlstens to m e and
cares aboutm y concems.

43.

44 .

45.

46.

47.

48.

49.

50.

S%ﬁsly n this omgankzaton & hmgel
due to ourcolective comm im entto
safety.

Safety n this organzaton & hgel
due to the efforts ofa few key
hdviduak.

Safety 1 ths organkzaton & higel
due to posiive changes ®sulng
fiom ourpastexperence wih
heidents and pbraccdents.

Safety s my esponsbiliy.

Ttustmy subordhates to choose
safety overperform ance, regardEess
ofmy presence.

Ttustm y superbrs to choose safety
overperfom ance.
My subordhates tustme.

My suggestbns aboutsafety would
be acted upon fIexpressed them t©
m Yy supervisor.
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Abstract

Previous research has indicated that the majority of errors made in
aircraft cockpits are the result of faulty information transfer among
members of the flight crew. This study examined the problem by
manipulating leadership style and studying its effects on perfor-
mance and satisfaction under conditions of high and low workload.
The participants in this study were Old Dominion graduate and
undergraduate psychology students between the ages of 18 to 42.
Forty-one dyads reacted to true and false alarms while performing
a primary psychomotor task. After the dyads completed the experi-
ment, the researchers administered a survey to collect data about
copilots’ ratings of worker satisfaction. Statistical analysis revealed
that dyads in the participative leadership condition reacted to the
alarms significantly more appropriately than those in the autocratic
condition did, and that participants in the low workload group reset
primary task gauges significantly faster than those in the high
workload group. The post experimental survey indicated that, in
general, copilots were more satisfied with participative leadership.
Also, copilots in the low workload group reported significantly more
successful team interaction. The survey and alarm reaction appro-
priateness results could warrant training pilots to exercise partici-
pative leadership in times of task ambiguity.

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-502-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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The Ef fects of Leadership Style and Primary Task Workload
@ Team Performance and Follower Satisfaction

In past research, psychologists have linked meny of the causes of humen
error in flight crews to comunication lapses in the cockpit. These breakdowns
often reflect issues such as autometion mistrust (Parasuramen & Riley, 1997)
or interperscnal problems among members of the crew (Foushee, 1984). Some
psychologists have stressed the importance of pilot leadership to resolve these
issues ard restore comunication before error occurs. It was traditiamally be-
lieved that leadership in the codkpit should be hidhly task ardented with very little
two-way conmmunication. However, several studies have shown that when a com-
mmnication breakdown occurs, a leadership style that fosters two-way commui-
nication may enhance flight crew performence (Smith, 1979; Hines, 1998) . The
benefits are especially notable during situations of high mental workload where
the breskdown in informetion transfer is most comon (Billings, 1991) . In addi-
tion, a comunicative leadership style may also create a more pleasant work
envirament.

Because of increased automation in the cockpit, modem flight crews do
more dbserving than flying (Koonce, 1999) . Such monitoring, however, isrctan
easy task. Flight crews must be cognizant of meny envirommental aspects,
inchding the airaraft’ s location, altitide, and velocity, the surroarding terrain,
arrett ard projected weather canditions, ard system states, including the proper
settings and finctioning of eguipment (Endsley, 1999) . Prdblems often arise
because informatian about ane or more of these factors is not effectively shared
within the flight crew. Such commumication breakdowns can occur because of
social issues such as lack of assertiveness or interpersanal conflicts among
members (Jentsch & Smith-Jentsch, 2001; Wiegmamn & Shappell, 2001) . Com-
mmnication disruptions may also occur between members of the flight crew and
the aircraft’s hardware and software interface elements. Such prableans are es-
pecially comon when members of a flight crew nust interact with unreliable

flight equipment (Wiegmarm & Shappell, 2001) .

Regardless of the source of disruption, a breskdown in informetion
transfer often leads to disorder ard ambiguity in the cockpit, which in tum
renders flight crews susceptible to humen error. One study showed that fail-
ures in informetion transfer acocomnt for more than 50% of all errors inside the
cockpit (Wickens, 1995) . Furthermore, researchers have suggested that these
pradolens are nmost likely to ocour during pericds of hich mental worklosd (Bliss
& Durn, 2000; Foushee, 1984).

Aocording to Lysaght, Hill, Dick, Plamadm, Linton, Wierwille, Zaklad, Bittrer,
and Wherry (1989), when the runber of task elements rises and the conplexity
within each element increases, the lcad of information placed an each flight
crew menber’s cognitive processes also increases. Humen error is likely to
occur in the cockpit during periods of high mental workload because each
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crewmenber’ s mental resources are limited as to the amount of information
they can process (Lysaght et al., 1989). If mental workload becares too great,
menbers of the flight crew will no langer process infometion at the desived rate
ard task performence will degrade. In the case of alarm research, enpirical
studies have showmn that reaction time during ambiguous situations is signifi-
cantly slower under conditions of high mental worklcad (Bliss & Dum, 2000) .

Mary researchers believe that training crew marbers to optimize team inter-
dependence and comunication is the best way to prevent disorder and restore
the lines of cammication following crises (Sextan & Helnreich, 2000; Wickens
1995) . However, comunication among members of the crew can take many
forms and may affect performance in many ways. The style of camunication
presat in the codpit is often dictated by airline policy ard directed by the
leadership style of the pilct. By studying different pilot leadership styles, psy-
chologists can determine the type of commication that works best during
situations of disorder ard anbiguity, and can meke recommendations about
how to manage humen error (Helmwreich, Merritt, & Wilhelm, 1999) .

In the early 1970s, Vroom and Yetton developed a theory of leadership in
work enviraments that proposed two mein styles of leadership: participative
ard autocratic (Chamers, 2000) . These forms of leadership are collectively in-
cluded within Normmative Decision Theory .According to that theory, the partici-
pative leader promotes two-way comnication and allows subordinates to have
equal weight in the decision meking process. In aatrast, the autocratic leader-
chip style irvolves very little interaction between the leader arnd subordinates.
An autocratic leader remains focused an the team’s tasks and mekes all of the
team decisions without much irput from other team members (Chemers, 2000) .

Normetive Decision Theory states that the effectiveness of each leadership
style is deperndent an the situation (Chamers, 2000). The autocratic style is
more effective in situatians where the tagk is clear ard all manbers of the team
have a hich degree of amtrol over their respansibilities. In these sittations very
little comunication is needed in the decision meking process, allowing the
autocratic leader to meke quick decisians (Vroom, 2000) . The participative style
is nore effective in situations where prablems with information transfer have
contributed to an ambiguous enviromment and the leader does not have much
cmtrol over the situation, yet must meke very important decisions (Vioom,
2000) . The increased two-way caminication characteristic of this style helps
to clarify the situation and creates a sugoortive work envirament that may
increase worker satisfaction and commitment to the team (Chemers, 2000) .
Qre potential dramback of the participative style is that the increased amount of
participation may result in a much slower decision meking process. Overall,
studies testing the validity of Normmative Decision Theory have been favorable
(Chemers, 2000; Vrxoom & Jago, 1978) . In ane study, teams that properly insti-
tuted the use of this theory increased their mumber of successful decisions by
20% (Vroom & Jago, 1978) . Also, although the ef fectiveness of leadership styles
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mey be situation specific, several studies indicate that subordinates generally
prefer the participative style regprdless of the sittetio (Field, 1990; Feels, Driskell,
Mullen & Salas, 2000) .

Early research conceming leadership style focused an industrial work erwvi-
ronments. However, recent research in this area has been coducted in nontra-
ditional work enviraments. One work envirament that has received particular
attentim is the aircraft codkpit. The aodkpit differs from industrial workdng envi-
raments in both setting ard size. Flight crews are often much smaller than
traditiaal work grogps, typically axsisting of aily a pilct and agpilct. Also,
cockpit dyads tend to be more cchesive. They function more as a team to
perform highly specialized tasks.

Several studies of leadership in the cockpit have indicated that the type of
comunication a participative leader exhibits may be more effective for mini-
mizing errors mede in the cockpit (Foushee, 1982, 1984; Prince, Chidester,
Bowers, & Cammon-Bowers, 1992; Sexton & Helmreich, 2000). In one study
Nicholas ard Parmell (1995) examined leadership styles in several work envi-
raments including aviation. They foud that the task menagement style of ef-
fective leaders is predominantly perticipative and a strict autocratic style “does
ot lerd itself to effective gperation of amplex, tedmical mechinery” MHidolas
& Permell, 1995, p.70) .

Qe reasan for using the participative style of leadership in the codkpit may
be to diagnose and understand comumication disruptions when they occur .An
elarent that often causes disorder ard uncertainty for flight crews is ureliable
avianics (Bliss, 1997). This includes the settings and finctioning of avianics,
including alarm systems (Endsley, 1999). A breakdown in information transfer
may occur if commmication between the humen flight crew and the avionics is
disrupted due to an upredictable or urelisble piece of flight equiprent (Wiegrarm
& Shappeell, 2001) . According to Muir ‘s Machine Tunet Theory, the uncertainty
arnd disorder created by unreliable technology weakens the goerator’s trust (Lee
& Moray, 199) . Anecdotal evidence has shown the applicability of Miir ‘s theory,
revealing that alarm system mistrust in the codkpit can decrease the frequency,
speed, ard appropriateness of pilot respanses (Bliss, 2003b) .

Mistrust of automated systems in multi-crew cockpits can be further agora-
vated by psychosocial problems between flight crewmembers (Wiegmann &
Shepeell, 2001) . For exanple, the first officer’s lack of assertiveness ar an inter-
persanl anflict between menbers can create further disnptions in informetion
transfer and more potential for humen ervor (Jentsch & Smith-Jentsch, 2001) .

If practiced in situations of mechire mistrust, the participative lesdership
style may serve two useful purposes. First, the increased comumnication may
help bring clarity and order to a situation rendered unclear by machine
upredictability. Second, by promoting two-way communication and
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assertiveness, participative leadership may prevent psychosocial prablams fram
further anfusing an already dhectic situation. Such benefits are likely to be-
core increasingly important as further advances in aviation technology occur
(Wickens, 1995) .

Goal of this research

Several studies in the past have examined the effects of participative and
autocratic leadership on flight crew performence (Foushee, 1982, 1984; Prince
et al., 1992; Sexton & Helmreich, 2000). However, no existing research has
examined the relationship between leadership style and team performence dur-
ing periods of machine mistrust. The purpose of this study was to examine the
effects of leadership style and mental workload on performence of a primery
psychomotor task and a secondary alarm response task by dyads.

As part of this investigation, we examined the effects of leadership style ard
mental workloed an sUbjective ratings of leader satisfaction by followers. Leader
satisfaction has been studied in several work enviromments (Chemers, 2000;
Dubin, 1965; Field, 1990; Foels et al., 2000) . However, to date there have been
1o irvesticgtians in situetians similar to a codkpit.

The two independent variables in the study were leadership style and mental
workload. Ieadership style had two lewels, autocratic and perticipative. The
workload independent variable also had two levels, high workload (three com-
puter subtasgks), and low workload (two computer subtasgks) .

We examined the effects of the independent variables on the speed and
appropriateness of alarm reactions, and on primary task performances. We
also examined the effects of workload and satisfaction on several dependent
measures of agpilot satisfaction. These variables included self report ratings by
agpilots an measures of overall team effectiveness, drive to participate in the
secondary task, perosption of pilot cooperation, perception of pilot accuracy,
the degree of enjoyment experienced working with the pilot, and the degree to
which the pilot was perceived to e a likable persm.

Hypotheses

We hypothesized an interaction between leadership style and workload on
reaction appropriateness to the secondary alarm task. We believed that
participatively led dyads in the high worklead group would yield significantly
more appropriate reactions to true and false alarms compared to dyads that
were autocratically led in this group. This hypothesis is amsistent with Noma-
tive Decision Theory, Mir s Machine Trust theory, several studies of codkpit
leadership, and research concerming mental workload (Chemers, 2000; Foushee,
1982, 1984; lee & Moray, 1992; Liysaght et al., 1989; Prince, Chidester, Bow-
ers, & Cammon-Bowers, 1992; Sexton & Helmreich, 2000) .

We also hypothesized main effects for workload and leadership style cn
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alarm reaction time. We believed that dyads following the autocratic leadership
style wauld react significantly faster to alamms then those following the partici-
pative leadership style. We also believed that dyads in the low workload group
would react significantly faster to the alamms than those in the high workloed
group. These predictions are consistent with the Normative Decision Theory
ard studies of alarm reactivity in coditians of varying mental workloed (Bliss &
Durn, 2000, Chemers, 2000; Dubin, 1965; Vroom, 2000) .

We hypothesized a main effect for leadership an the agpilot’s worker satis-
faction variables. We predicted that agpilots would e significantly nore satis-
fied with the participative leadership style then with the autocratic style regard-
less of the workload condition. This hypothesis is cnsistent with Normetive
Decision Theory and several studies of worker satisfaction (Chemers, 2000;
Dubin, 1965; Field, 1990; Feels, et al., 2000) .

Method

Design

This experiment was conducted using a 2 X 2 mixed design. The between-
groups independent variable, workload, was determined by the rumber of
subtasks (2 or 3) on the primary task workstation monitor . The within-groups
variable, leadership style (autocratic or participative) was comnterialanced across
two experimental sessions, so that dyads followed each leadership style while
performing the primery tasks and reacting to alarmms.

Participants

Covenience sanpling resulted in a sample consisting of volunteer gradu-
ate and undergraduate psychology students from Old Dominion University.
Participants were offered class credit and a monetary baws ($10.00 for the
team with the best experimental task performence) as an incentive for partici-
pating.

A power aralysis revealed that 40 dyads would yield an experimental power
of 0.80 at p = .05 (Cohen, 1988). The researchers dbtained results from 40
dyads carprised of cane pilot and ane aopilot per dyad. Of the 40 dyads, 21
were in the low mental workload group and 19 were in the high mental workload
graup. Attenpts were made to equalize the sex balance across dyads: In the
low workload group, nine dyads included both sexes (in five cases the male
was the pilot; in four cases the female was the pilot), seven included both
males, and five included both females. In the high workload group, ten dyads
included a mele ard a famle (in four cases the mele was the pilot, in six cases
the female was the pilot), five included both meles, and four included both
famles. Tn addition, the within subjects variable (leadership style) was comn-
tertalanced so that half of the dyads followed the autocratic strategy in the first
sessian ard the other alf were adninistered the participative strategy firvst.
Participents ranged from 18 to 42 years old, with the average age of approxi-
mately 23 years.
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Two important aonsiderations are how well the participants knew each other
prior to participating, and how often they normelly participate in teamed activi-
tes. To determine these considerations, we surveyed team members before
they participated. We found that 65% of team meambers did not know each other
at all before participating, 16% of team mambers barely knew each other, 5%
knew each other fairly well, 2% knew each other quite well, and 12% knew each
other extrarely well. We also fourd that 59% of participants regularly pertici-
pated in team activities cutside of the experiment, whereas 41% did not.

Materials

The laboratory space used for this study was designed to similate a cock-
pit envirament. The space consisted of two primary task IBM-conmpatible com-
puter workstations positioned side by side. A Macintosh computer hosting an
alarm response task separated the workstations.

Tre Milti-Attribute Task (MAT) battery (Comstock & Arnegard, 1992) was
hosted on the workstations as the primery experimental task. The MAT lettery
includes three separate subtasks (dual-axis compensatory tracking, gauge
mmitoring, and resource allocatian) that require cognitive ard spatial abilities,
similating aircraft piloting damerds. Depending on primery task workload oon-
dition assigment, teams were presented either two concurrent subtasks (tracking
ard mnitoring) or three (tracking, monitoring, and resource allocation) . Within
a workload condition, each 14" VGA primary task computer monitor displayed
the same mumber of subtasks. The MAT battery has been used frequently as a
primery and secandary task in alarm trust research, and is thoroughly described
in other sources (Bliss, 2003a; Getty, Swets, Pickett, & Gothier, 199).

Participants performed the MAT tasks using the mice and keyboards to
make responses. At the same time, auditory and visual alarms were presented
on a Macintosh PowerPC personal computer with a 14" VGA monitor located
between the MAT workstatians. The auditory stimilus was the fire bell digitized
from a Boeing 757/767 simulator, followed by a male voice ammouncing “tem-
perature, temperature.” The stimilus lasted four secads. The visual stimulus
was a yellow panel with the word “TEMPERATURE!” cn it. When an alarm oc-
curred, participants were to determine whether the MAT TEMP1 and TEMP2
cauges had both fluctuated aut of tolerance within 15 secads prior to the alamm.
If so, the alarm was true. Participants were then to reset the MAT gauges and
press the F12 key (marked “R” for “RESPOND”) on the Macintosh keyboard, in
that order. If the gauges had fluctuated cut of tolerance more than 15 seconds
prior to the alamm, the alarm was false. Participants were then to press the F9
key (marked “C” for “CANCEL”) on the Macintosh keyboard and resume the
M AT tasks. Alarm stimuli were presented an a variable interval time schedule
(average interstimilus interval was 70 secands), at 60 dB(A) (anbient sound
was 45 dB(3) . Other than the timing of the gauge fluctuations, there was 1o way
to tell true alamms from false alams, as they locked ard sounded identical.
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Alarm reaction measures included speed to react (in seconds), appropri-
ateness of reactions (how often participants aporopriately responded to true
alarms and canceled false alamms), and respanse frequency (the percentage of
alarms participents responded to within each experimental session) .

In addition to the conputer tasks, participants also corpleted two forms.
Prior to participation, they conpleted a backgroud informetion form including
questians about hearing ard vision abilities, computer experience ard their de-
gree of familiarity with their teammate. After participation, all agpilots aorpleted
a four-page opinion questiamaire. The questiamaire included thirteen Likert
scale items to assess aspects of cogpilot satisfaction such as how much the
agpilot liked the pilot, how much the agpilot enjoyed working with the pilot, the
aopilot’s inpression of the team's effectiveness, the agpilot’s inpression of the
pilot’s cogperation level, and how driven the aopilot was to perform the experd-
mental tasks. CGaladlation of the questiaraire’s interral reliability indicated that
the driven variable was not consistent with the five other measures and was
therefore excluded fram future aralyses. Excluding the driven varidble, Crateadh's
Alpha revealed that the opinion questiamaire had an intermal omnsistency reli-
daility of Algha = .81.

Procedure

Uom arrival at the research laooratory, the two participents were required to
carplete an informed consent form and the background questiomaire. Their
team was then randomly assigned to the high or low workload condition, and
participants were randonly assigned to the role of pilot or agoilot.

Once the experimenter assigned the team to a condition and the team
menbers to their roles, the experimenter presented the primary task experi-
mental instructians. To ensure corprehension, the instructions were delivered
in writing and were also read alad to the participants. Teams in the high worklcad
cadition received instructians for three primary subtasks: tracking (kesping a
ball aligned with a set of crosshairs), gauge mmitoring (monitaring moving gauges
for excessive fluctuations), and resource allocation (kegping fluid present in a
rumber of an-screen containers) . Those in the low workload condition received
instructians for anly the tracking and gauge monitoring tasks.

The experimenter explained how to respond to true alamms and cancel false
alarms. The experimenter explained that during the actual experiment, alarms
would be occurring on the Macintosh computer . The teams had to determine if
the alarm was true or false and react accordingly.The experimenter explained
that alamms related to the mmitoring subtask of the MAT. If an alarmmwes trme, it
meant that the two TEMP gauges had fluctuated out of tolerance within 15
secads prior to the alarm.To praeerly respad to a true alarm both participants
had to reset their gauges by pressing the F1 and F3 keys an the TEM keyboard,
and then press the F12 key on the Mac keyboard, marked “R” for respond. The
experimenter explained that if the team’s decision to respad was correct, the
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team would receive an increase of 1.5 points to their alarm score. If the decision
were not correct, 1.5 points would be taken away from their alarm score. If an
alarm was false, the two gauges had fluctuated nmore than 15 seconds prior to
the alarmm. When a false alarm occurred, the alarm was to be canceled. One of
the teammates had to press the F9 key on the Mac keyboard, marked “C” for
CANCEL. Once again, if the team was correct an their decision to cancel, 1.5
points was added to the team score. If the team is incorrect 1.5 points wes
deducted from the team score. Gauge fluctuatians ocourred in a congruent fashion
on both primary task computers.

After the instructians, the teams were allowed to practice the primery
subtasks in isolation for ane mirute, and were then given a 10-mirute practice
session with the MAT ard the alams. The experimenter stressed that speed
and accuracy were equally important on all tasks. The team begen the experi-
ment with an alarm score of 50 points.

Participants were instructed to follow a specific alarm reaction decision-
meking strategy for each session. The strategy followed either an autocratic or
perticipative leadership style. In the atocratic cadition, the perticipent as-
signed to the role of pilot was solely respansible for meking the alarm response
decisians. He or she could not rely an the agpilot for any opinions or advice
about how to respond. Once the pilot made a decision, he or she commanded
the ogpilot to press the appropriate response key an the alarm response key-
board. The agpilct was instructed not to offer infometion unless specifically
asked by the pilot. The participent assigned to this role was also instructed to
follow the pilot’s comends without question. The autocratic strategy was de-
signed to limit commication and participation.

In the participative caditian, both participants had an equal weight in the
alarm response decision process. They were permitted to communicate freely
with each other throughout the session and when an alarm occurred they were
required to reach a mutual verbal agreement before reacting. This leadership
strategy was designed to promwte comimnication and participation. Failure to
follow the prescribed decision meking strategies resulted in a point deduction
for the team.

After answering questians, the experimenter started the first 10-mirite task
session (either autocratic or participative). Once the first session was con-
plete, the experimenter administered leadership strategy instructions for the
second session. As a within groups variable, leadership style was menipulated
and counterbalanced across sessions so that each team received both sets of
instnuctias. After the team carpleted both experimental sessions, the experi-
menter administered the goinion questiamaire to gather subjective ratings of
aopilot satisfaction. Participants were then debriefed and dismissed.
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Results

After calaulating descriptive statistics to ensure that the dependent mea-
sures were distributed nomelly, the researchers calaulated three 2 x 2 mixed
ANOVAs to determine the ef fects of workload and leadership style an alarm
reaction appropriateness ard alarm reaction time.

The omibus ANOVA for alarm reaction apporopriateness showed no interac-
tion between leadership style ard workload, p > .05. However, the mein ef fat
for leadership style showed that the participative leadership style led to more
apprapriate alarm reactions then the autocratic style, F(1,38) =4.667, p=.037,
?77= .109 (see Figure 1). The main effect for worklcad was not significant, p >
.(B.

1 0.82 0.81 0.87

Appropriate Reactions (%)

Autocratic Participative

Leadership Style

Figure 1. Alarm Response ZAppropriateness as a Function of Primary Task
W orklcad and Ieadership Style.

Next, the researchers camputed an ANOVA to determine whether alarm re-
action time changed as a function of leadership and workload. The interaction,
medn effect for workload, and main effect for leadership were not significant, p >
.(B.

W e also computed mixed ANOVAs to determine the ef fects of leadership
style and primary task workload on measures of primary task performence.
Specifically, we tested whether MAT traddirg errar, momitor reset time, ard re-
source allocation punp activation frequency varied as a function of leadership
style or primary task workloed. Of those three ANOVAs, the anly significant
effect we doserved showed that monitor reset time was longer under conditions
of high primery task workload, F(1,33) = 10.472, p = .03, pertial [10= .241
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(See Figure 2) . All other interactians and main ef fects were not significant, p >
.(B.
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Figure 2. Gauge Monitor Reset Time as a Function of Primary Task Workload
and Ieadership Style.

Copilot Satisfaction

W e computed a series of mixed ANOVAs to assess the ef fects of prinery
task workload and leadership style an three aopilot satisfaction measures.
ANOVAs were chosen to irvesticate the influence of leadership-worklosd inter-
actias o the agpilet satisfaction vardables. The three variables dosen for araly-
sis were the three most reliable dependent variables in the measure, as deter-
mined by a Cradbach’s alpha test. The variables were the extent to which the
team worked together successfully (Teamwork), the extent to which the oopilot
enjoyed working with the pilot (Enjoy) ard the extent to which the agpilot fourd
the pilct to ke a likable persm (Likesbility) .

Researchers computed a 2 x 2 ANOVA to examine the ef fects of primery
task worklcoad and leadership style an teamwork. The test did not find a signifi-
cat interaction p > .06. The test did, however, show significent mein ef fects far
leedership style, F(1,78) = 23.85, p<.001, pertial [(1P= .23 and workload, F (1,78)
=6.28, p =.014 partial [17= .08. Copilots reported significantly more teamwork
during the participative condition when carpered to the autocratic cadition and
aopilots in the low workload group reported significantly nmore teanmwork then
those in the high workloed group (see Figure 3; note that due to irverse scaling,
a lower nunber indicates a higher teamwork rating) .

The 2 x 2 ANOVA for Gpilet Brjoyment did not find a significant interactiom,

nor did the test fird a main ef fect for warkloed, p > .05. Like Teamwork a signifi-
cant mein effect was fourd for leadership, F(1,78) =24.05, p<.001, 9= .24.
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Qopilots efjoyed workdng with their pilots significantly more durding the participa-
tive codition then durding the autocratic codition (see Figure 4; note that due to
imverse scaling, a lower rumber indicates a higher enjoyment rating) .

A third ANOVA was conputed to examine the ef fects of primary task worklosd
ard leadership style an Likesbility . The results followed the same pattem as the
apilct efjoyment variable. Neither the interaction nor the main effect for workloed
vere statistically significant, p>.05. However, amein ef fect far leadership style
ves significant, F(1,78) =22.94, p<.001,??° = .23. Qypilcts reported liking their
pilot significantly more during the participative codition then during the auto-
cratic session (see Figure 5; note that due to irverse scaling, a lower rmer
indicates a higher likesbility ratirg) .
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Figure 3. Cpilot Perception of the Ievel of Teamwork as a Function of Primary
Task Workload and ILeadership Style.

Pilot Enjoyment Rating

Autocratic Participative

Leadership Style

Figure 4. Copilot Perception of Pilot Enjoyment as a Function of Primery Task
W orkload and Leadership Style.
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Figure 5. Qpilot Perception of Pilct Likesbility as a Runction of Primery Task
W orkload and Leadership Style.

Discussion

Our results merginally supgported the first hypothesis. Although we did not
find an interaction between leadership style and worklcoad for alarm reaction
appropriateness, we did doserve a main effect: improved alarm reaction aporo-
priateness for participative leadership. This finding is amsistent with theordies
extolling the benefits of participative leadership, such as Nommative Decision
Theory (Chemers, 2000; Foushee, 1982, 1984; Prince et al., 1992; Sexton &
Helmreich, 2000). It is also amsistent with recent research by Bliss (2003a)
showing better performance by teams that were forced to have more social
interaction. The current findings are important because they suggest that par-
ticipative leadership can reduce huen error in the cockpit during periods of
mechine mistrust. It is interesting that primery task workloed did not interact
with leadership style. However, because workload was a primery task variable,
participants may have devoted separate cognitive resources to the primery and
alarm reaction tasks, so that vardability in ae did not affect the other (Wickens,
Sandry, & Vidilich, 1983).

Our findings did not support the secod hypothesis. Although we did see an
e fect of workload on MAT gauge resetting time, there was 1o significant ef fet
for alarm reaction time as a function of either leadership style or primery task
workload. There may be several reasans for this.

It is possible that reaction tine wes not sensitive to arr menipulation of
lesdership. To maintain experimental rigor, we assigned specific and well de-
fined leadership roles to each team manber in the participative codition. In an
actual cockpit, such behaviors would likely occur more naturally. Furthermore,
it was evident that even though aur instructions were clear, there were participa-
tive teams that did not comnicate much, and autocratic teams that did. Ye,
as we doserved fram alarm reaction appropriateness and the aopilot satisfaction
questiaraire respanses, participents definitely distinguished between the two
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leedership styles, preferving the participative style. To ketter study reaction time,
other researchers may elect to doserve leadership more naturally as it occurs;
however, to do so would preclude using it as an experimental independent vari-
adle.

One advantage of specifying team duties before the experimental sessions
was that participants might have exhibited less onfusion during the actual task.
In actual flight performence situatians, pilots and agpilots prdosbly meke leader-
ship style decisians in real time, taking nore time and perhaps leading to more
errors. However, in this experiment, the participants did not have to devote en-
ergy to that decision, because it was mede for them. As a result, perheps there
was less varidbility of reaction time within and across the leadership styles.

Arother possibility was that the experimental tasks were not corplex encugh
to reveal differences for reaction time (or response frequency) . ITn an actual cock-
pit, there are a variety of actians that crews must perform following an alarm
signal. However, in this experiment, the actions were carperatively straightfor-
ward: following an alarm, participents were to estimate whether gauges had
fluctuated within 15 secads prior to the alarm, ard cancel or respad to the
alarm accordingly . Tt is clear that reaction apprapriateness wes better when the
leadership style was participative. However, this advantage may generalize to
other performence variables anly if the alarm reaction task is more dallenging.
Future researchers may elect to systeamatically increase the conplexity of the
alarm task to determine whether this might be true.

The third hypothesis was generally sugoorted by the results. A nmein ef fat fir
leadership style was revealed for the three measures of ogpilot satisfaction.
Pocording to these results, agpilots believed that during the participative condi-
tion their team exhibited significantly nore teamwork, their pilot was a more
likable partner and was more enjoyable to work with. These findings support
decades of research on worker satisfaction and leadership that demonstrate a
strag preference by the worker for participative leadership style in traditiaal
work envirvaments (Chemers, 2000; Dubin, 1965; Field, 1990; Feels et al., 2000 )
However, the currrent findings are unique because they indicate that leadership
affects worker satisfaction within a nmore gpecialized team envirament.

The results also suggest a possible 1link between aopilot satisfaction and
alarm reaction agorcpriateness. As team reaction appropriateness improves under
participative leadership, agpilot satisfaction increases. The low level of follower
satisfaction foud under autocratic leadership may have aontrilbuted to the poorer
performence in this condition. Dissatisfied oopilots may have created psychoso-
cial prablems within the team. For example, when under autocratic leadership
agpilots may have been less assertive during team interaction, further limiting
comumnication. Sore researchers have suggested that prablems such as these
can lead to humen error in the cockpit (Wiegmarm & Shappell, 2001; Jentsch &
Smith-Jentsch, 2001) . This potential relationship should be examined in future
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studies.

Dralysis of the survey data also revealed an upredicted finding. Copilots in
the low workload group reported significantly higher levels of teanmwork than
those in the hich workloed graup. Qre possibility for this finding is that during
pericds of high primery task workload, copilots were consumed by their indi-
viduel tasks ard felt less free to wark together with their pilots. This explaratim,
however, is not supported by arty degradation in alarm reaction performence
between groups.

Future Research

We believe that the findings reported here have important practical implica-
tians for flight crew training programs. For exanple, trainers might be well ad-
vised to cmsider decision accuracy arnd oopilot satisfaction by encoureging
pilots to adopt a perticipative style of leadership in situatians of task uncer-
tainty .

The current study provides sare theoretical sugport for the Normmative Deci-
siom Theory by revealing that agpilots are nore satisfied with the participative
leadership style, ard that this satisfaction may be reflected in alarm reaction
aporopriateness. This study brosdens the applicability of Normetive Decision
Theory by showing that it can be successfully applied to a specialized team-
work environment. However, there may ke limitatians to its ggolicability. Rx
exanple, the researchers fourd that autocratic decisions were not mede signifi-
cantly faster than those in the participative codition were. Future research is
recamended to contimue to clarify the conditions where the theory applies and
does not apply.

Limitations of this Study

As noted previously, a primery goal of this research was to maintain experi -
mertal aatrol. To do so, we chose to test college students as they performed
a oantrived task in an experimental laboratory. Because the research reported
here was conducted in a laboratory, its geeralizability to goeratiarl awira-
ments is likely limited. Our decision to test college students may have led dyad
menbers to interact with each cother in ways that are not typical for flight
crewmenbers. For example, they may have occasionally chosen to disregard
ar instructions aoceming the details of participative and autocratic leader-
chip. Tn aotrast, actual pilots would likely follow such instructians more closely.

The experimental tasks, although designed to exercise skills used in avia-
tin, are carparatively sinplistic. For exanple, the fear experienced by partici-
pants, and the stated consequences of poor performance do not match those

faced by pilots, and the coplexity of the MAT hattery pales in carparisan to
sore piloting demands.

Firelly, the alarm reaction scerario assumed that participents were suf f
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clently nmotivated to react in realistic ways. This contrived paradigm was neces-
sary for ethical reasons. However, the data presented here likely understate
wat is possible in an actual pilcting situation.

Because of the above limitations, we recamrend that future researchers
attenpt to replicate the arrent experimant using hich fidelity flight similators
ard aviators as participants. By doing so, it may ke possible to study the influ-
axe of such realistic distracters as flidt attadht alls, air traffic aatrol clls,
ard cross-traffic on gperator performence. Future research should also be am-
ducted to anfirm the validity of the questiamaire iters used to measure agpilot
satisfaction. The questiaraire was specifically designed for the arrent research
and had never been used in previous research. Although we calculated intermal
amsistency reliability using Cratach’ sAlgha (r=.81), we carmot be sure that
the questiamaire iters are a valid measure of oopilot satisfaction. One pos-
sible procedire might be to assess the face validity of the measure by conduct-
ing focus groups of actual agpilots. In addition, researchers could assess on-
axrent validity of the questiaraire by canpering it to other reliable ard valid
measures of worker satisfaction.

We also recamerd that future researchers consider performing longitudinal
studies of leadership acosptability in caditions of alarmmistrust. Authors such
as Breznitz (1984) have stressed that alaym mistrust becores more pronounced
as task operators becore more experienced with the alarm system. Similarly,
the benefits and limitatians of the leadership styles examined here may be-
caore nmore pronounced after a longer task performance period.
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Abstract

The FAA pilot knowledge test is a multiple-choice assessment tool
designed to measure the extent to which applicants for FAA pilot
certificates and ratings have mastered a corpus of required aero-
nautical knowledge. All questions that appear on the test are drawn
from a database of questions that is made available to the public.
The FAA and others are concerned that releasing test questions
may encourage students to focus their study on memorizing test
questions. To investigate this concern, we created our own data-
base of questions that differed from FAA questions in four different
ways. Our first three question types were derived by modifying ex-
isting FAA questions: (1) rewording questions and answers; (2) shuf-
fling answers; and (3) substituting different figures for problems
that used figures. Our last question type posed a question about
required knowledge for which no FAA question currently exists.
Forty-eight student pilots completed one of two paper-and-pencil
knowledge tests that contained a mix of these experimental ques-
tions. The results indicated significantly lower scores for some ques-
tion types when compared to unaltered FAA questions to which
participants had prior access.

Requests for reprints should be sent to Beverly laughead, FAA Academy,AMA-502-0U,
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Introduction

A requirement for most every FA A pilct cartificate or rating is the knowledge
test that each applicant must pass to danmstrate mastery of the aeronautical
knowledge required to safely exercise the privileges of the certificate or rating
being sought. Required by the U. S. Code of Federal Regulations, knowledge
tests present gpplicants with a series of miltiple-choice questians designed to
assess applicants’ knowledge of aeronautical topics such as aerodynamics,
weather, regulations, navigation, perfomence, ard flight plaming. The ques-
tions that appear on every knowledge test are drawn from an item bank, a fixed
datalase of questions created by the FAA far eech pilct certificate ar ratirg. R
exanple, the item bark for the Private Pilot Airplane knowledge test currently
amtains 915 questions. Each Private Pilot Airplane knowledge test presented
to an applicant consists of 60 questians selected from the 915-question item
lark.

Since the mid-1980s, the FAA has made the item banks available to the
pdolic. This allows every pilot agplicant to acoess, in advence, all of the ques-
tians that can potentially apgpear an every knowledoe test. This situation has led
to great aontroversy for two reasans. First, pilots now have the goportunity to
limit their study to just those questians that appear in the item bark. Since the
item bank does not aontain questians pertaining to all knowledge required to fly
safely, it seems possible for pilot applicants to skip over sore knowledge and
still achieve a high score an the knowledoe test. Secad, pilots have the oppor-
tunity to simply memorize the questions and answers, rather than develcop an
understanding of the knowledge that the questions aim to test.

The pradolems associated with neglecting to leam material that is required
but that is not fomelly tested are evident and need no further discussion. The
negative ocutcomes associated with rote memorization strategies have been
documented by more than a century of psychological research. In the case of
the FAA knowledge tests, the crudest memorization strategies allow students
to avoid lodking at questians at all. Flash cards that acoitain an FAA question
nunber an the front and the correct answer letter designation an the back allow
students to engage in the nost primitive paired-associate leaming (Calkins,
1896; Mandler, 1970) . Other strategies 1ink the letter desigatiom for the correct
answer to the amtent of the question. For exanple, the FAA Private Pilct knowl -
edge test ootains a flight-plaming question using an airport named Addison.
The answer to the question was traditionally “A.” Other psychologists have dem-
anstrated the effectiveness of using sinple mental imeges to successfully as-
sociate pairs of key words or phrases (Kothurkar, 1963; Paivio, 1965; Bower,
1972) . For example, 8 mirutes is the answer to an FAA flighit-plaming question
imvolving a flight to an airport called Redoird. The answer is easily recalled after
visualizing a red bird flying in a figre-eight pattem. Strategies like these are
particularly useful for test questians that otherwise require time-cmsuming and
effartful caladlatias (e.g., weidtt ad kalance, flidht plaming, aircraft perfar-

International Journal of Applied Aviation Studies



mence, etc.)

Even in the cases in which students read the questions and memorize an-
swers, the distinction between rote memorization and understanding has been
denonstrated by other psycdhological studies (Tverksky, 1973; Craik ard Lockhart,
1972; Kieras and Bovair, 1984). Students who achieve deeper levels of under-
standing are more successfully able to solve similar prdolans, recall solution
steps, and use their knowledge in novel ways. Later research demmstrated the
same phenorena in the domain of flight training. This research led to the same
conclusions: when corplex skills and concepts are to be learmed, rote memo-
rizatim is a poor substitute for understanding (Telfer, 1993; Moore and Telfer,
1990; Telfer, 1991). Consequently, these ideas are enphasized in the FAA's
Aviation Instructor’s Handbook F2a, 2001) .

Indirect Evidence of Question Memorization

The FAA has been concemed with the validity of the knowledge tests for
sare time. Their principal coxems are, if applicants are focusing their study
on questions and answers, that student understanding may be negatively im-
pacted ard that the test scores being awarded to pilot applicants may not accu-
rately reflect their kowledoe.

Flouris (2001) mede an initial attarpt to relate differences in study methods
to differences in knowledge test saores. Flouris ocarmpared the scores of stu-
dents who carpleted a formal ground school at Aubum University and students
who studied an their own. Flouris stressed that the Auburn ground schools
stress leaming for understanding and try to dissuade students fram question
menorization. Flouris foud no significant difference between the two groups.
Since the true study practices of both groups of pilots ramin wknown, it is
inmpossible to know what kind of preparation led to what test soores or the real
level of mestery of either grop at the tine of the tests. Flords’ study cast
further suspicion an the extent to which the FAA tests accurately measure
knowledge and motivated future research.

A corpelling piece of evidence in support of the question-memorization hy-
pothesis was gathered by the FAA. This evidence is the amount of time that test
takers spend corpleting knowledge tests. Today, allFAA knowledge tests are
administered by computer.The computer systems record the amount of time
that test takers require to conplete each exam ard the amount of time required
to conmplete each question. Figure 1 shows timing data gathered by the FAA 1
2002 for the knowledoe tests required for the private and comercial pilot certifi-
cates as well as the instrunent airplane rating (FAA, 2003) .

The data show that many applicants conplete the test in far less time than

would be required for the average human to even read the questions and an-
swers an the test.
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Test Ave. Completion Time Minimum Time
(minutes) (minutes)
Private Pilot — Airplane 73 2
Instrument Rating — Airplane 79 2
Commercial Pilot - Airplane 91 11

Figure 1 .Average and minimm conpletion times for the Private, Comercial,
ard Instrument Airplane knowledoe tests [Data provided by the FAA F2A, 2003)] .

Figure 2 shows timing data for a few individual test questians. These ques-
tions require gpplicants to work through conplex calculations needed for flight
plaming under specified conditions. The data show that questions that would
typically require several mirnutes to work through are being answered in merely
a few secornds.

After departing GIT and arriving at Durango Co., Ia Plata Co. Airport, you are unable
to land because of weather.

How long can you hold over DRO before departing for return flight to the altermate,
Grand Junction Co., Walker Field Airport?

Total usable fuel on board, 68 gallans.
Wind and velocity at 16,000, 2308-16
Average fuel consumption 15 GPH.

P 1 hour 33 minutes.
B 1 hour 37 minutes.
Q 1 hour 42 minutes.

Mean Time: 569 seconds
Minimum Time: 6 seconds

An airplane descends to an airport under the following conditions:

Cruising altitude 6,500 ft
Airport elevation 700 ft
Descends to 80 ft AGL
Rate of descent 500 ft/min
Average true airspeed 110 kts

True course 335
Average wind velocity 060 at 15 kts
Variation 3 W
Deviation +2
Average fuel

Consumption 8.5 gal/hr

Determine the approximate time, compass heading, distance, and fuel consumed
during the descent.

A) 10 minutes, 348, 18 NM, 1.4 gallons.
B) 10 mirmtes, 355, 17 NM, 2.4 gallons.
C) 12 minutes, 346, 18 NM, 1.6 gallaons.

Mean Time: 195 seconds
Minimum Time: 5 seconds

Figure 2. Average and minimum conpletion times for flight plarming questions
[Data provided by the FAA F24, 2003)] .
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The FAA data clearly suggested that menorization was at work. For at least
sare test takers, the data clearly demonstrated that the test was not measur-
ing the agplicants’ abilities to exercise the required knowledoe ard skills.

The evidence for question-memorization gathered by the FAA is aarpellirg.
However, there reneins ane credible refutation of the question-memorization
hypothesis: it may be possible that pilot goolicants satisfactorily leam the me-
terial and then mamorize the questians in the item bank in order to expedite the
taking of the test. In other words, in can be argued that the FAA’s timing data
demonstrated the presence of question-memorization, but it did not demon-
strate the absence of uderstanding.

To directly address the concems about the validity of the test, we conducted
an experiment using private pilot students recruited from local flight schools.
The experiment aimed to measure more directly what pilot applicants know at
the time of their FAA knowledge test.

Method

Our approach to measuring pilot uderstanding of the required aeronautical
knowledge was to administer an experimental knowledge test to private pilot
applicants who had just prepared for and campleted the FAA knowledge test.
Our experimental knowledge test cotained questions that varied fram FAA ques-
tions in systematically increasing ways. Sore experimental questions made
cogretic changes to existing FAA questions. Other experimental questions
asked pilot gpplicants to use their aeramaurical knowledoe in different ways. The
goal of aur experimental test wes to discover if pilot agolicants’ knowledge of the
required aeronautical knowledge was based on understanding or on a more
superficial review of the questians appearing in the FAA item bark. It was hy-
pothesized that if gpplicants uderstood the required material, their perfomence
on the experimental questions would be comparable to their performence on
FAA questians.

W e distinguished two types of questians that appear in the FAA item barks.
Skills questions require the applicant to exercise a procedure they had learmed
such as interpreting a dart, working throuch a flight plaming, or airplane perfor-
mence calculation prdbolem. Knowledge questions require the aolicant to recall
a fact or to reason about a concept they had learned.

To create our experimental item banks, we began with knowledge and skills
questions that we randomly sampled from the FAA item banks. We left sare of
these FAA questians in their ualtered form to use as a aatrol . We nodified the
remaining FAA questions to generate cur treatment questions. Our selection
ard modification of the FAA knowledge ard skills questians resulted in six dif-
ferent experimental questions types described below.

FAA Pilot Knowledge Tests: Learning or Rote Memorization?
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Unaltered Skills Questions

Figure 3 shows an exanple of an unaltered FAA skills question. Qur purpose
in including questions of this type was to establish a baseline measure for how
well test takers performed an FAA skills questions, without having to ask them
to reveal their score an the FAA te.

UA/OV KOKC-KTUL/TM 1800/FL120/TP BE90//SK BKN018-TOP055/0VC072-TOP
089/CLR ABV/TA M7/WV 08021/TB LGT 055-072/IC LGT-MOD RIME 072-089

The wind and temperature at 12,000 feet MSL as reported by a pilot are
A. 080 at 21 knots and -7 C.

B. 090 at 21 knots ard -9 C.

C. 090 at 21 MPH and -9 F.

Figure 3. Unaltered skills question

Different Data Skills Questions

Figmre 4 illustrates axr aily modification of the FAA skdlls qestias. This
modification substituted different dara (@ different pilct report (PIREP), in this
case) for the original data gppearing in the questim.

UA/OV KMOD-KOAK/TM 2209/FL060/TP PA28//SK OVC022-TOP050/
CLR ABV/TA M8/WV 28026/TB MOD 035-060/IC LGT-MOD RIME 035-060

The wind and temperature at 6,000 feet MSL as reported by a pilot are
A. 280 at 26 knots and -8 °C.

B. 280 at 26 knots and 8 °C, measured.
C. 220 at 9 MPH and -8 °F.

Figure 4. Differat figre gills qestim

Unaltered Knowledge Questions

Figure 5 shows an example of an unaltered FAA knowledge question. These
questions were intended as a control to establish a baseline score for each
applicant an FAA knowledge questions.

How should an aircraft preflight inspection be accomplished for
the first flidt of the day?

A Thorough and systematic means recommended by the manufacturer.
B. Quick walk aroud with a check of gas and oil.
C. Any sequence as determined by the pilot-in-command.

Figure 5. Unaltered knowledge question

Shuffled Knowledge Questions

Figure 6 illustrates the sinplest of the modificatians we mede to FAA knowl-
edoe questians. This modification shuffled the order in which the answer choices
gopear in the question. This modification was designed to detect reliance an the
crudest of memorization strategies that associate questions with memorized
letters ard answers (e.g., “® for Addison) .
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How should an aircraft preflight inspection be accorplished for the first
flight of the day?

A. Quick walk aroud with a check of gas and oil.
B. Any sequence as determined by the pilot-in-command.
C. Thorough and systematic means recommended by the manufacturer.

Figure 6. shuffled knowledge question

Reworded Knowledge Question

Figure 7 illustrates cur secad ard slightly nore sophisticated modification
of the FAA knowledge questions. This modification slightly reworded both the
question and the answer .The rewordings used for these questions were limited
to sinple rearrangarents of sentence structures ard substitutions of non-criti-
cal words. In no case wes a tedmical word or phrase (e.g., angle of attack)
changed. This modification was designed to further test for menorization strat-
egies based on simple question and answer recognition.

For the first flidt of the day, an aircraft should be preflighted using

A. the procedure recommended by the manufacturer.
B. a walk aroud with a check of gas and oil.
C. a systematic procedure determined by the pilot-in-command.

Figure 7. Reworded knowledge question

Different Knowledge Question

Figure 8 illustrates our third and most soghisticated modification of the FAA
knowledge questions. This modification extracted the target concepts tested by
each question and asks a slightly different question about the same concepts.
Questians of this type were created by a group of three certified flight instructars
who worked until consensus was reached on two key points: (1) that the modi-
fied question tested the same aoncepts as the original questian; and (2) that the
modified question was not nore difficult than the original question. The aim of
this type of question was to measure applicants’ performence when question-
menorization strategies were no langer possible.

Figure 8 shows a modified question about wing flaps, alag with all of the
existing FAA questians about wing flaps. The question in Figure 8 illustrates o
attenpt to write questians that “fell between the cracks” of the exdsting FAA
questians.

Our Different Question About Wing Flaps

One purpose of wing flaps is to

A - permit touchdown at higher airspeeds.

B - meintain a lower angle of attack at slower airspeeds.

C - permit safe flight at slower airspeeds during approach and larding.

Two Existing FAA Questions About Wing Flaps
ne of the main functions of flaps during approach and landing is to
A - decrease the angle of descent without increasing the airspeed.

FAA Pilot Knowledge Tests: Learning or Rote Memorization?
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B - pemmit a touchdown at a higher indicated airspeed.
C - increase the angle of descent without increasing the airspeed.

What is one purpose of wing flaps?

A - To enable the pilot to meke steeper approaches to a landing without increasing the
airspeed.

B - To relieve the pilot of maintaining contimious pressure an the controls.

C - To decrease wirng area to vary the lift

Figure 8. Different knowledge question

Apparatus

Two dif ferent paper and pencil knowledge tests were used for data collectio.
Each knowledge test contained equal numbers of randomly-sanpled and or-
dered questions drawn from the item bank of question types described above.
The first knowledge test contained 50 questions and measured performence for
the first five questio types. The secand knowledoe test amtained 20 questions
and campared performence for the third and sixth question types described
above.

The mumber of questions appearing in ocur experimental test was a conpro-
mise between the statistical power needed and the expected fatigue and moti-
vatim levels amag our student pilot perticipants.

Participants

A total of 48 student pilots fram local flight scdhools agresd to participate in
the study . We attarpted to recruit every private pilot apgolicant that was sched-
uled to take the FAA Private Pilot knowledoe test at every local flight sdool that
offered testing services. Every applicant that was both qualified ard willing par-
ticipated in the stdy. Each pilot aarpleted exactly ane of the two dif ferat
experimental knowledge tests.

Participents were not told arty details about the experiment in advance; how-
ever, they were told that they did not need to undertake arty special studying or
preperation for the experiment.

Student pilots who campleted the 50-question experimental knowledge test
received payment equal to the cost of their FAA knowledge test. Pilots who
carpleted the 20-question experimental knowledge test received a NASAAvia-
ton t-gairt.

Procedure

Qur experimental knowledge tests were conpleted by student pilots during a
scheduled appointment. Most student pilots toock ocur experimental knowledge
test directly after takirg their FAA Privete Pilct Airplane knowledge test, al-
though sare conpleted the test up to three days after completing the FAA tex.
Unlike the FAA knowledge test, we did not pose a time limit for the experimental
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test. When completing the test, perticipants were allowed to use the same
materials permitted by the FAA for their knowledge tests (e.g., blank paper,
cladlatars, paxils).

All participants were informed that their responses would remain anarymous
and no names were recorded.

Results and Discussion
Figure 9 shows the scores for the two knowledge tests that conpared the six

questio types.

100%

87.9 88.3 86.3 87.5

80% (|
70% |
60%
50% ||

73.8

64.6

40% (—
30%;}—

Percentage Correct

20% [—
10% [—

Control Different Control Shuffled Reworded Control  Different
Skills Data Knowledge Knowledge Knowledge Knowledge Knowledge
y Skills : I |

50-Question Test 20-Question Test

Figure 9. Average scores for two tests that corpared the six dif ferent question
types.

There was no difference between average scores for question types 3, 4, ad
5: the waltered, shuffled, and reworded knowledge questions. These results
Seeam to nule aut our worst fear: that participents relied solely an the crudest of
memorization strategies in which leamers used superficial cues available in the
questions ard answers. Shuffling and rewording questions had little effect an
perticipants’ ability to answer questians correctly .

There was a significant difference [F(1, 23) = 15.4, p < .001] between average
sacres for question types 1 ard 2: the ualtered gkills questians ard the gkills
questians for which different data had been substituted for the original data. The
means and standard deviations for the two question types were 87.9% (0.10)
and 73.8% (0.18), resgpectively.This result seemed to confimm our suspicions
about the generality of the prdolem-solving skills being learmed by students.
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Few instructors or evaluators would disagree — a student whose chart interpreta-
tim ar flight-plaming skills are limited to anly those airports gopesring in FAA
test questions is operating under an dovious knowledge deficiency .y test
instrurent that rewerds such a pilot with a passing score is therefore also defi-
ciat.

There was also a significant difference [F(1, 23) = 31.2, p < .0001] between
average scores for question types 3 and 6: unaltered knowledge questions and
knowledge questions that participants did not have the goportunity to see in
advance. The means for the two question types were 87.5% (0.12) and 64.6%
(0.12), regpectively.The less-than-passing scores may indicate fairly sericus
knowledge deficiencies, since these questions tested aercnautical knowledge
that was also tested by existing FAA questians.

Conclusion

Qur results supported the FAA's amcems that releasing test questians in
advance may: (1) negatively affect the way students leam and ultimetely under-
starnd required aeranautical knowledge; ard (2) reduce the validity of the knowl-
edge test as an assessment tool. If the design and execution of ocur study are
accepted as reasonable, our data suggested that some pilot applicants may
leave the test center with two things: (1) aeraneutical knowledge that is defi-
clent; ard (2) a notarized document certifying that the student’s aeronautical
knowledge is not deficient.

Limitations of Our Study

W e must admit a mmber of limitations of our study. First, despite ar ex-
perts’ e forts to aotrol for question aotent and dif fiadlty, the questians we cre-
ated for question type 6 may have differed in content from, or may have been
more i f fiadlt then, edsting FAA questians. Secad, there is the possibility that
sore falloff in scores was due to sare subjects’ uwillingness to work through
the unfamiliar questians, accepting a lower score in the intevest of time. Recard-
less, even for these “lazy” subjects, the falloff in scores between the two ques-
tion types still suggested that question and answer memorization was used for
the ardgiral FAA example questions, and their underlying knowledge of the ma-
terial was not revealed by the arrent FAA tet.

Changes Made by the FAA to the Knowledge Test
In July 2003, the FAA made a mumber of changes to the knowledge tests,

based on their own investigations and on the evidence and inputs presented to
them by outside parties. Our work was among the research that was reported to
the goverming branch in the FAA. These changes included:

1 FAA question runbers are no lager associated with questions that are

released to the pblic.
2 Answer choices are now randomly shuffled.
3 Only a few examples of each type of gkills question are now made
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available. Questions appearing an the tests will ke of the same form as
the released question, but will use different data.

The first two changes were designed to foil crude menorization strategies
that maeke simple associations between questions mumbers and letter designa-
tians or order of appearance amog answer dhoices. The results for our duffled-
answers condition did not suggest a presence of this kind of memorization for
knowledge questions. However, we did not test ar guf fling menipulation an
gkills questians. It may be the case that test takers soretimes do resort to this
type of strategy for more difficult and time-consuming questians.

The third change agreed with our finding that significent rumbers of test
takers may have focused their study an individual questions rather than mester-
ing the underlying skills being tested. There ramins at least ae credible tlhreat
to skills questians despite this comntermeasure. Since skills questians require
significantly more time to answer, any ane test oontains a smell rumber of
these questions. Under the current scoring system, all questions have the sane
value. Test takers may opt to simply guess at the more time-consuming skills
questians, acospting a slightly lower overall test score.

(e raredy for this prdolem is to increase the value of skills questions.
There are a runber of prablems with this agoroach. Fivst, it suggests that aero-
nautical knowledge areas that require more time to exercise are more important
then other areas, a nocion that is difficult to defad. Secad, kills questians are
often missed because of sinple mathematical errors. Penalizing test takers
several points for a sinple math error seems ujustified.

What Depth of Understanding Is Enough?

Tn arguing for measures that might potentially lead to “desper” understanding
of aercnautical knowledge by students, we must recoonize a few natural limita-
tas.

A first limitation we encounter is that sore aeranautical knowledge elerents
are sinple facts ard that the leaming of facts inevitably leads to a process of
rote memorization. For example, Class D airspace extends by default to an
altitude of 2,500 fest AGL. The FAAd fers ro particular thecretical reason why
this altitude is dhosen instead of 2,400 ar 2,600 feet. The studant is left to leam
thet 2,500 feet AGL is the correct munber. For aeranautical knowledge of this
type, we should ke sure to include questions in the FAA item bank that extaus-
tively cover all of the facts to ensure that students are leaming them.

A secad limitation we encounter is that student understanding of arty given
topic is naturally limited at ary given level of expertise. For exanple, a new
student pilot’s wderstarding of flaps may ke little more then a collection of
menorized facts. Such a student simply has not yet had the goportunity to
think throoh ard experianxe the use of flaps in different flight situatians, to
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develop theories about how they work, and to validate or irwvalidate those theo-
ries durirg practical experience. If we adnit this limitation, care should be taken
to ensure that the FAA item bark includes questians that cover a set of facts
about flaps thet will allow them to act accordingly, far the tine beirg, in all
required flight situatians. This aollection of facts must serve as an acceptable
substitute while the student progresses toward a more mature understanding
thet aily further study, practice, and experience can provide.

Knowledge Testing in the International Aviation Community

Tt is interesting to copare FA A knowledge testing practices to those used in
other corntries. The Eurcpean Joint Aviation Authorities (JRR) requires the ap-
plicant to pass seven separate knowledge tests for the Private Pilot License
(PPL) . These tests cover: air law and operational procedures, humen perfor-
mence ard limitation, flight performence and plaming, aircraft general ard prin-
ciples of flidht, ravigation ard radio aids, metearolagy, ard rediotelephaty. Some
tests amtain as few at 15 questians. All tests are miltiple-doice ard the JRA
does not reveal the potential test questions in advence. Questions from old
tests ard questions similar to JRA test questians are available for student study,
as well as a suggested reading list.

Similarly, tte Australian Civil Aviatio Safety Authority ((ASA) requires appli-
cants for the Private Pilot License to pass Basic Aeronautical Knowledge and
Private Pilot Iicense knowledge tests. Similar to JPA tests, these tests are
multiple-choice and sanple questions (not drawn from the existing item bark)
are mede available for student study .

Trdia requires five written tests: navication, metecrology, regilatians, tedmi-
cal, and radiotelephany .All tests are miltiple-choice and the questians are not
released to gpplicants in advance.

Whether aercnautical knowledge topics are tested in ane or several tests,
the move away from publishing test questions makes the FAA more consistent
with testing practices used in other comntries.
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Abstract

According to self-efficacy theory, judgments and expectations con-
cerning performance capabilities are relevant for the initiation,
persistence, and modification of anxiety problems and specific
fears. This article presents a study on the differential effects on self-
efficacy expectancies of various treatment components in a fear of
flying protocol. Subjects consisted of 199 patients (38.7% male
and 61.3% female) with fear of flying, who applied to a treatment
agency to deal with their fear of flying. Fear of flying was assessed
with three specific flight anxiety measures before and after treat-
ment, the FAS, FAM, and VAFAS. The treatment process was mea-
sured from assessment to follow-up at eight different points in time
with two self-efficacy instruments, based on Bandura’s work
(Bandura, 1977, 1986): the Flight Self-Confidence Scale (FSCS),
and the Fear of Flying Coping Scale (FFCS). Results showed that
the most effective treatment components for enhancing self-effi-
cacy were (in descending order ofimportance): (a) exposure, graded
practice with an in-therapy flight, (b) relaxation training with breath-
ing exercises, (c) information about flying, and (d) controlling up-
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setting thoughts. The conclusion is that performance experiences
particularly enhanced self-efficacy. Limitations of the study are dis-
cussed and suggestions for future research provided.

DIFFERENTIAL EFFECTS ON SELF-EFFICACY OF
TREATMENT COMPONENTS FOR FEAR OF FLYING

Pecple terd to engege in behaviors they believe will produce a desired effect
ard that they believe they can perform. We are more likely to take courses of
actio that we anticipate will lead to desired goals then those that appesar less
likely to succeed. We are also more likely to attenpt actions and strategies
that we think are within cur range of capabilities than those that seem to exceed
it. Several important psychological theories are based an these premises and
amcem the role of persaal effectiveness and aontrol in psycdhological develop-
ment and health. Self-efficacy theory (Bandura, 1977, 1986) is ane of the most
provinet of these theories. The crux of self-efficacy theory is that initiation of
ard persistence in behaviors and courses of action are largely determined by (a)
outcore value, (b) outcome expectancy, ad (0) self-ef ficacy expectancy, thet
is, judgrents and expectatians of behavioral skills ard the capacity to suc-
cessfully implement the selected courses of action. Much of Bandura ard his
associates’ work focused an understanding the role of self-efficacy in the devel -
oprent ard treatment of fears and phdbias (Bandura, 1986) . It showed that low
self-efficacy expectancies are an inportant feature in the contimsation of arxd -
ety prdolans and specific fears.

In previcus studies, Bandura and his colleagues worked with patients having
gpecific fears or phdoias, both to test the basic assurptians and hypotheses of
self-ef ficacy theory and damanstrate its clinical utility (Badra, 1986) . A =lf-
efficacy model of arxdety primerily aocems anticipating that denger or harm is
Inminent ard expecting an insbility to effectively prevent or agee with the antici-
pated aversive event. Self-efficacy theory also hypothesizes that the key ele-
ment comm to all successful clinical interventions for arxiety disorders is an
increase inpatiats’ sanse of self-ef ficagy, enabling them to master the arxdety-
provaking situation (Bandura, 1977) . Aocording to self-ef ficacy theory, pegple
with arxiety prdolans have inaccurate, unrealistic expectations of their own
behavior and underestimate or overestimate certain results or consequences.
They feel that nothing can ke doe to aotrol events or feel incapeble of perform-
ing the actians that could control events ard lead to achieving goals (of which
others seem capable) .

The present study was designed to gather information about the specific
axtribution of elarents of a multi-carpoent, standardized fear of flying treat-
ment program to a kelief in self-ef ficacy to mester that axdety. Humans are
biologically driven to explore and mester their envivament, arnd they feel good
when they explore new situations and deal with them ef fedtively . To explore the
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envirament and new situations by plane is a prdolem for an estimated 10 - 40%
of the general population in industrialized comntries (Armarson, 1987; Dean &
Whitaker, 1982; Ekeberg, 1991; Nordlund, 1983). Fear of flying is a significant
prdolem ard events like the terrorist attacks an the Twin Towers and Pentagon
might even lead to higher rumbers of pegple with flight arxdety . Fear of flyirg is
a heterogeneous phenomenon (Howard, Murphy, & Clarke, 1983; Van Gerwen,
Spinhoven, Diekstra, & Van Dyck, 1997) and can be conceptualized both as a
situatianal phdoia and the expression of nonsituatianal phdbias. Fear of flying
often consists of ane or more other phdbias (Haug, Breme, Jdmsen, Bemtzen,
Gdtestam, & Hugdahl, 1987) and can also be the effect of generalizing one or
more natural envirormment phobias, as described in DSM-IV (APA, 19%4).

As the nunber of air travelers worldwide has increased, interest in arxdety
associated with flying also has increased. There has been an increase in facili-
ties aroud the world for treating passenger flight arxdety, often the result of
oollaboration between airlines ard private entreprencurs or mental health pro-
fessiawrls (Van Gerwen & Diekstra, 2000) . These developments have not been
matched by en increase in scientific research an flight arxdety treatment pro-
grams or analysis of the effective ingredients and components of these pro-
grams. The latter is praoebly due to the fact that most treatment programs have
meinly fooused so far an their overall effects ard less an redrafting or restructnre-
ing treatment, based an analysis of the contribution of program components to
the overall effect. In actual clinical practices, the comm corpanents of fear of
flying treatment programs are information an flying, teaching cgping strategies
(breathing exercises and muscle relaxation) and exposure to test flights. More
advanced treatment programs also use canmponents like cognitive restructuring
ard besice the test flidghts an camercial airliners also exposure to flight stimuld,
such as a visit to a staticary aircraft in a hangar ard the use of a flight simila-
tr . There is a growing literatire an the use of virtual reality exposure therapy ut
it is not yet ratirely used in actiel clinical practice (Van Gerwen, Diekstra,
Arondeus, & Walfogr, sdaritted) . The study of virtual reality exposure therapy
far fear of flying is pramising. Virtual reality exposire can have lasting effects
both for the short (see Maltly, Kirsch, Mayers, & Allen, 2002 and also Rothbaun,
Hodoes, Smith, Iee, & Price, 2000) ard layg temmns, as indicated in the first
year-long follow-up study by Rothbaum, Hodges, Anderson, Price, and Smith
(2002) . It is also pramsing, because a recant study confimmed that virtual reality
exposure could be more effective than imeginary exposure in treating fear of
flyirg Wiederhold, Gevirtz & Spira, 2001) .

This study gathered information about the specific contribution of elements
of a fear of flying treatment program in an actual clinical practice. The process
measures used to assess treatment component effects were based on Bandura’s
amcepts in his bock, entitled Belief in Self-Efficacy (Bandura, 1995). Accord-
ing to Bardura, “perceived self-efficacy refers to beliefs in ar’s cgpabilities to
organize and execute the courses of action required to menage prospective
situations” (Bandura, 1977, 1986, 1998) .

DifferentialEffects On Self-Efficacy Of Treatment Components For Fear Of Flying
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Two scales far kelief in self-ef ficacy developed by Bandura (the Confidence
Scale ard the Parental Self-Efficacy Scale) were reviewed, translated into Dutch,
adepted for flying situations, and psychoretrically examined (Van de Wal, 1993) .
(e of them cocems the ability to cotrol negative thoughts while flying and
the other assesses aoping ard dealing with flight arxdety feelings. This resulted
in the Flight Self-Confidence Scale (FSCS) ard the Fear of Flying Coping Scale
(FFCS) , two self-report instruments that are easy to administer.

This study is part of a larger research project an the determinants of fear of
flying ard the differatial efficacy of cognitive-behaviaral interventians far flying
phdoics. This study has far goals: (a) To determire the dif feratial ef fects of the
specific components of the treatment program an belief in self-efficacy. B To
Cetermire the relatianship between increased belief in self-efficacy and decreased
fear of flying dring trestmet. (¢) To ascertain whether fear of flying at post-
treatment (1.e. three mmths after an in-therapy flight) can ke predicted o the
kasis of self-ef ficacy befare the start of treatment. (d) To assess whether the
self-efficacy score at post-treatment can predict the lag-term effects of the fear
of flying treatment program.

Method

Participants

Participents were aomsecutively referred to the VAIK Foundation. All sif-
fered from fear of flying and participated in the lag-established multi-compo-
nent fear of flying treatment program developed by the VAIK Foundation, lo-
cated in Ieiden, the Netherlands. This fordatiom is a joint enterprise of the
Department of Clinical and Health Psychology at Leiden University, KM Royal
Dutch Airlires, and Amsterdam Airport Schipghol. Trainers employed by VALK
are all certified clinical psycholagists and/or psychotherapists, sare with air-
line cabin crew or pilot experience. The participant sample (N=199) was col-
lected from 1995 to 1998. The group consisted of 38.7% (N=77) males and
61.3% (N=122) females. Mean age was 41.4 years (SD=10.6) . Thirty-four per-
cent had higher education (higher professional or academic training), ard 21%
medium level (professiaml) education. Thirty-three percent aopleted high school
education. Twelve percent carpleted elementary school education or lower pro-
fessionl training. Most participants had flying experience; anly 10.4% (N=8) of
the male and 9% (N=11) of the famle participants had never flown befare. The
mejority of the participants, 94.2% of the waren and 85.8% of the men, re-
ported symptars ranging fram severe arxdety to penic in flight situatians.

Fifty-six percent were employed and 22% were self-enployed, -10% were
housekeepers (all waren), and two smaller groups did either volun-teer work

(3%) or attended a school or wniversity (1%) . Eight percent of the participants
did not fit into ae of the above graups.

Measures
Flight Self-Confidence Scale (FSCS). The FSCS was used to measure belief
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inself-ef ficacy, specifically to measure participents’ kelief in their aoility to car
trol thoughts. The FSCS amsists of nine self-report itans that are answered an
an 11-point scale, rarging from 0 (I carrot) to 10 (I definitely can) . Participernts
were instructed to imegire being an a tiroulent flight with their seat belts fas-
tened. They were asked to evaluate their anfidence in their ability to neutralize
arty upleasant thoughts they might have in this situation. Participants with low
arxdety should have fewer negative thoughts about flying than participants with
hich fligt axdety, and low-arxxdety participants should express nore control
over negative thoughts then hich-arxiety participants. Sore examples of the
items are “Thinking of sorething else,” “Stooping the thought,” and “Keeping
the thought under aontrol.” There are two versions of the FSCS, versions A ard
B, which were randomly presented to participents. Originally, the FSCS con-
sisted of 18 items and the psychometric properties proved to be good (Van de
W al, 1993). A ane-factor solution was foud explaining 53.7% of the variance
(eigervalue 9.67) ard reliability measured with Cralbach’ sAlpha was .92. After
dividing the 18-iteam questiamaire into the two 9-item A and B questiamaires,
Cronbach’ s Alphas were .84 for A ad .89 far B. The correlation of A with the
original questiareire was .97, of B with the original questiamaire .9, ad the
correlation between A and B was .87. It was therefore aoncluded that the two
parallel versians of the FSCS correlated sufficiently to be treated as the same
instrurent (Van de Wal, 1993).

Fear of Flying Coping Scale (FFCS). The FFCS was also used to measure
kelief in self-ef ficacy, it frana dif ferent angle than the FSCS. The FFCS mea-
sures participents’ belief in their ability to agoe and deal with feelings. The FFCS
amsists of five itars that are answered an a 7-point scale, ranging fram 1 (not
good at all) to 7 (very good) . The items ooncerm different enotional aspects of
fear of flying, and participants have to judge how well they can oope with each.
Paple with anfidence in their ability to deal effectively with a threatening situ-
ation will gpproach the situation with self-assurence and calm, while those with
sericus doubts about their ooping skills will anticipate catastrophes and gener-
ate a state of affective arcusal thet will interfere with their ability to functim
e factively. Some exanples of the items are “How well can you stop worrying?,”
“How well can you oope with tension caused by flying?,” and “How well can you
keep difficult morents from getting you down?” There are also two different
versions of the FFCS, A and B, which were randomly presented to participants.
Qriginelly, the FFCS ocmsisted of 10 items and the psycharetric properties
were good (Van de Wal, 19%3). A ae-factor solution was found explaining 56.7%
of the variance (eigarwvalue 5.66), ard reliability measured with Cradoach’ sZl-
pha wes .91. After dividing the questiareire into an A and B versian, Crabach’ s
Alphas were .83 for A ad .82 far B. The correlation of A with the ardginal ques-
tiamaire was .97, of B with the origimal questiaraire .97, ad the correlation
between A and B was .89. Van de W&’ s study (1993) concluded that the two
parallel versians of the FFCS correlated sufficiently to be treated as the same
instrurent.

DifferentialEffects On Self-Efficacy Of Treatment Components For Fear Of Flying
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Flight Anxiety Situations questionnaire F2S). The FAS has 32 items con-
sisting of three subscales: (@) Axdety experienced anticipating flying, up to the
time the flight actually starts (takeoff is amomced) aotaining 14 itens; (b)
Ardety experienced durdrg a flight (fram start until landing) aotaining 11 itars;
O Ardety experienced in general in camection with airplanes, regardless of
persarl imvolverent in a flight cottaining 7 iters (Van Gerwen, Spinhoven, Van
Dyck, & Diekstra, 1999) . The psychoretric properties of the FAS proved to be
excellat (Van Gerwen et al., 1999) . This study showed an intermal consistency
of subscales varying fram .88 to .97 ard test-retest reliabilities ranging fran .90
to .92 as measured with Pearson product moment correlation coefficients.

Flight Anxiety Modality questionnaire M) . The FAM has 18 items that are
designed to measure the following two modalities: (a) Somatic Modality, per
taining to physical synmptans, and (b) Coonitive Modality, related to the pres-
ence of distressing cognitions (Ven Gerwen et al., 1999). The psychometric
properties of the FAM proved to be good to excellent (Van Gerwen et al., 1999) .
The study showed an intermal oonsistency of .89 for both subscales and test-
retest reliability of .79 for the Somtic Modality and .84 for the Cognitive Modal-

ty.

Visual Analogue Flight Anxiety Scale (VAFAS). The VAFAS enabled partici-
pants to indicate the extent to which they were arxdous about flying an a ane-
tailed visual amalogue scale. This scale ranges fran 0 "No flight arxdety” to 10
“Terrified.” Participants were instructed to “Please indicate how arxdous you are
aoout flying at present.”

Follow-up information. Follow-up evaluations were carried out after 3, 6 ard
12 months, during which participants were asked to state the rumber of one-
way flights they had taken in that period.

Procedure

The design of the present study was unomtrolled. Data were collected in an
geen study before, during, ard after the fear of flying treatment program. More-
over, treatment camponents were provided in a fixed order . The standard multi-
carpanent fear of flying treatment started with an assessment phase (diagnos-
tic interview and questiamaires) . After initial aotact, perticipants were irvited
for assesgrent at the VAIK Foundation during which they filled out question-
naires on fears ard phdbias in general ard fear of flying in particular (see Mea-
sures-) . In a subsequent sami-structured interview, information was gathered an
flying behaviar (Flying History Interview) . To identify a representative group of
fearful flyers, they should have a minimum score of 6 an the VAFAS and be
willing to follow and pay a two-day group treatment. Assessment was followed
by an individualized preperation phase of two hours of individual therapy for
relaxation and breathing exercises and, if necessary, exposure to other feared
situatians (i.e. heights and elevators) ard a two-day group treatment (20 hours,
with a mecdmum of eight participants) . The two-day group treatment started with
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a presentation by a pilot, covering aerodynamics, noving aivcraft parts, prooce-
dures ard performences as well as air traffic control and metecrological aspects
like turulence. A video showed aircraft maintenance, air traf fic aatrol, ad an
explanation of radar and transponder .After this, explicit cognitive interventias
were introduced. Participents were taught how to identify and chenge arxdety-
provaking thoughts. ITn addition, informetion on arxdety, itsgysical ef fects, ad
what can happen during a panic attack was provided. A cognitive model of penic
and arxiety was presented to show how panic could result from catastrophic
misinterpretation of certain bodily sensations (Clark, 1986) . Coping skills were
ranked in terms of perceived ef ficacy. Sore exanples of aoping skills are con-
trolled breathing, muscle relexation, the “stap” tedmique for negative thoughts
ard distraction fran negative thoughts. Participants were informed of the best
possible flight preparations. Next, an imeginary flight was taken, which wes
tape-recorded. For this exercise, an aircraft cabin wall was available with twelve
aircraft seats. Then in vivo exposure was used. The group visited a Boeing 747
in a harngar at the airport ard performed a relaxation exercise in the staticary
plare. Two flidhts were taken in a flight similatar, an Aivius A-310 cabin simila-
tr, which accurately similates a night flight, including sourd and notion. Dur-
ing the first flight, participants received an explanation of flidht sourds and mo-
tion. During the secod similator flight, perticipents were encouraged to prac-
tice aping exercises. After the two similated flights, the group headed for a
one-way, ae-hour flight in Burgee in a comercial airliner Boeing 737 guided
by the thergpist ard the pilct. A rdefing was held at the airport of destiration and
the retum flight provided a secand goportunity to practice. Three months after
the in-thergpy flight, a three-hour follow-Up session was given to mmitor mainte-
nance and progress, at which point post-treatment data were collected. The
treatment program was based on a standard treatment menual (Van Gerwen,
1992) . For a nore detailed description of the treatment program, see Van Gerwen,
Spinhoven, Diekstra, & Van Dyck (2002) .

The FSCS, FFCS, VAFAS, FAS, and FAM were conpleted during the diag-
nostic assessment phase and the follow-up session. Only the FSCS and the
FFCS were used during the treatment process. They were completed eight
times during the pericd extending from the diagnostic interview to the follow-up.
The eight times the questicmaires were conpleted were: T1) before the diag-
nostic interview, T2) after individual thergpautic sessians with relaxation training
ard breathing exercises, T3) after tedmical informetion, informetion an flying
ard aviation in general, pilot/cabin crew training, sensory experiences ard per-
saul hygiee (utrition, exercise, etc.), T4) after Ratiawl Hrotive Therapy (RET)
exercises, for oontrolling upsetting thoughts, T5) after stress-managament with
information an arxdety and distraction training, T6) after imeginary exposure, a
aping-exercise, T7) after in vivo exposure, graded practice (hangar, fligt simr
lax, in-thergpy fligt), ad T8) three months later at a follow-up sessian. Each
time, participents completed cne of the two versions of the FSCS and FFCS.

Every participent was given all four questiamaires four times in a random order .

There were two versians of the questiaraires in order to keep participents fram
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getting bored and from becaming so familiar with a single version that they
would no lager read the itams properly. Since randomization was important, all
possible corbinations of the two versions of the FSCS and FFCS question-
naires were used: FSCS-A + FFCS-A, FSCS-A + FFCS-B, FSCS-B + FFCS-A
and FSCS-B + FFCS-B. Moreover, at the 3, 6 and 12-month follow-up sessians,
the VAFAS scores were ocollected and participants were asked to state the
runter of self-initiated ae-way flights they had taken in that perdiod. Table 1
shows the points in time when measurements were taken. The length of treat-
ment, the time between the assessment phase and the test flight was approxi-
mately three to five weeks.

The treatment program incorporated all four sources of efficacy information
as delineated by Bandura (1986) : (a) emotional arousal, teaching patients to
relax ard feel less arxdous when flying, which is why relaxation training and
breathing exercises were included; (b) verbal persuasion, providing participants
with infometion, encouraging them to attearpt behaviors they fear and challeng-
ing their expectations of catastroghe; (c) vicariocus experiences, doserving live
models flying (such as the therapist) and participating in a groap; (d) perfor-
mence experiences, actual practice with feared behaviors, such as leaving hare
ard agorcaching the airport and, of course, taking a real fligit. In vivo experiance
with the feared doject or situation was performed in group therapy sessians.

Table 1
The components of treatment when assessment took place and the measure-
ments that were taken.

Ttenation FSCS FFCS  VAFAS FAS FAM Flidts taken

T1 Diagnostic assessrent X X X X X X

T2 Idividel training X X

T Infamstion an flyirg X X

T4 RET exercise X X

TS Stress menagement X X

T6 Tnegfirery exposure X X

T7 In vivo exposre X X

T8 3-mth followp X X X X X X

6-mxth followp X X

12-math follow-up X X
Statistical Analyses

To assess overall training ef fects ard dif ferences between pretreatment and
follow-up measurements three months after treatment, the VAFAS, FAS, FAM,
FSCS and FFCS were analyzed with paired t-tests. The size of training effects
was analyzed by computing Cohen’s d. Qthen cansiders an effect size of 0.20
to be slight, 0.50 to be moderate and 0.80 to be substantial. (hen's d was
calculated using the following formuila: M post-treatment — M pretreatment / SD

International Journal of Applied Aviation Studies



common (Cohen, 1977) . For each measurement moment, we calculated the
mean of the FSCS and FFCS items, irrvespective of the version participents
used. Differences between the eight consecutive measurements and the previ-
ous measurements were analyzed with paired t-tests and Cohen’s d farbaththe
FSCS and FFCS.

To aralyze the relationship between changes in belief in self-ef ficacy ard fear
of flying, miltiple regression analyses were used ard standardized residualized
gain scores (SRS) were computed. All deperdent variables were statistically
corrected for pretreatment differences on the dependent variable analyzed.
Pearson correlations were computed between the self-efficacy SRSs and the
fear of flying SRSs. The predictive value of the baseline self-efficacy saores for
the magnitude of the training effect was analyzed by conputing Pearson corre-
latians between the pretreatmeant self-efficacy scores ard the fear of flying SRSs.
Chen (1977) aonsiders a Pearson correlation coefficient of 0.10 to ke slight,
0.30 to be moderate and 0.50 to be strang.

Firelly, four hierarchical stepwise miltiple regression amalyses were per-
formed to analyze the predictive value of the self-efficacy measurements at the
3-mnth follow-up for the VAFAS follow-up scores at 6 and 12 months. In the
first s, VAFAS saores at the 3-month follow-up were foroed into the equation
to aontrol for differences in ocutcare at that measurement moment. In the sec-
ond step, FSCS or FFCS scores at the 3-month follow-up were entered as
indeperdent variables in the regression analyses to check their additiaal, inde-
pendent contribution to explaining the variance of VAFAS scores at the six or
12-month follow-up.

Results

Overall effect of treatment

The overall ef fect of treatment is shown in Teble 2. This table provides the
paired t-tests ard ef fect sizes of the mean an the VAFAS and the means on the
FAM and FAS subscales scale at pretreatment (T1) and at 3-month follow-up
(T8) , but also, the mean scores on the FAS Total which amsists of the 32 itens
together . Al1 variables showed statistically significant improvement 3 months
after treatment. All participents tok the in-thergoy flight. The effect sizes far
improvement an the scales ard subscales for fear of flying were very large. In
pertiadlar, improvement an the most important In-Flight subscale showed a very
large Cohen’ sd of 2.62. Improvement an the VAFAS even showed a Cohen’sd
of 3.43. Tn addition, all perticipants todk flights o their omn within ae year after
treatment. The mean mmber of total one-way flights made after ane year of
treatment was 9.61 (3D 9.29), four to five rourd trips.
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Table 2

Paired t-tests and effect sizes, means and standard deviations on the self-
report flying scales at diagnostic assessment (T1) and at 3-month follow-up
(T8).

Assessment il B t-test Effectsize
Instrurer M SD M SD t 4 d

VAFAS 84 14 24 20 40.37* 198 343

S - anticipatary 8.6 116 85 84 2B.07* 12 1.8

BS- infligt 29.2 93 74 72 30,52+ 19 2.62

S - gereralized 52 51 15 26 11.3* 192 0.2

S - total 0.7 4.2 19.5 18.7 27,9+ 12 2.37

M - cognitive 15.0 10.0 4 44 15,63 12 141

FAM - sametic 18.3 74 42 50 26.49+ 12 2.3

D < 001

Belief in self-efficacy substantially increased over the course of treatment.
Scores an both the FSCS and the FFCS questiamaires showed a highly signifi-
cant increase from diagnostic assessment (T1) to the 3-month follow-up (T8) .
The FSCS mean changed from 3.6 to 8.2 (p < .001) and the FFCS mean from
3.1t05.2 (p< .001).

Differential changes in self-efficacy for the specific components

The FSCS and the FFCS questicmnaires differed in the component of the
treatment with the biggest increase in self-efficacy scores. The results of the t
tests are given in Tables 3 and 4. With respect to changes in participents’ kelief
in their ability to aotrol negative thoughts (FSCS), individual sessians with
relaxation training and breathing exercises (T2), and the exposure carponent
(axsisting of a visit to a Boeing 747, a flidt similatar and an ‘in-thergpy’ flidht)
(T7) produced the biggest gain, (hen’s d effect sizes being alnost equal (0.82
ard 0.81, respectively; see Table 3) . With respect tokelief in the aoility to ape
with arxdety feelings (FFCS), the biggest increase was doserved after exposure
(T7) (see Table 4). Individual sessions with relaxation training and breathing
exercises (T2) were the second best intervention with respect to chenges on the
FFCS.

Table 3
Paired t-tests and effect sizes with respect to the Flight Self Confidence Scale
(FSCS).

Tntenation rae 111 iz ed Hfet sz
M s t d
Diagnostic assesgment 36 18
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Table 3 - cotired

Tndividsl training 50 17 0.0 0.2
Tnfametion an flying 60 16 1162 0.9
RET exercise 68 15 B3 0.%
Stress menagement 13 16 7.40% 0.3
Trtegirery exposire 72 18 l6ns. 0.8
Tn vivo exposre 85 16 14,1 0.8
3rth followp 82 17 2.8 -0.19

ns=rdt sigifiat, p<.0l **p<.00
ook = t-test perfamed with the previos Intervertion assessret

Table 4
Paired t-tests and effect sizes with respect to the Fear of Flying Coping Scale
(FFCS).

Ttenetim rage i eesed Ffuct sie
M ) t d
Diagrestic assessrent 31 11
Tndividel training 37 09 9.0 0.2
Tnfametion an flying 42 09 10.7 0.8
RET exercise 46 08 10.7 0.%
Stress management 49 09 6.9 0.3
Tregirery exosire 49 10 06ns. 0.8
Tn vivo eqposre 57 08 B.5* 0.8
3-mith followp 52 10 6.8¢ 0.5
n.s. =1t siguifiat, *p< .00
ook = t-teat performed with the previous intervention assesarent

On both the FSCS and the FFCS questiomaires, technical information on
aviation and sensory experience (I3) was the third most effective canpanent in
producing changes. The exercise of cotrolling and modifying negative thoughts
(T4) wes the fourth nost effective intervention. Infometion an arxdety and dis-
traction training (T5) also produced a moderate increase in self-ef ficacy . While
most interventions resulted in an increased belief in self-ef ficagy, the ineginary
exposure exercise (T6) did not.

At the follow-up session three months after treatment (T8), there was a sig-
nificant decrease in scores an both questiamaires. The drop was rather sub-
stantial, especially for kelief in the ability to agoe as assessed with the FFCS,
having a Cohen’ sd of -0.50. However, as is clearly shown in Figres 1 and 2, it
remeined higher than before exposure. Figures 1 and 2 visualize clearly that
belief in self-efficacy (as measured with the FSCS ard FFCS) had, in this order
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of components, relative effects of varicus sizes ard the effects appeared addi-

tive exoept after the imeginary exposure exercise (T6) and three months after
treatment (T8) .

mean scores on FSCS

Indhakr, RET Imagery F.U.3mn
Asseasment Information Strmes man. Exposurs

8 measurement times

Figure 1. Differential dhanges in self-efficacy measured with the Flight Self-
Confidence Scale (FSCS)

mean scores on FSCS

Indiv.tr. RET Imagery F.U.3mn
Assessment Information Stress man. Exposure

8 measurement times

Figure 2. Differential charnges in self-efficacy measured with the Fear of Flying
Coping Scale (FFCS)

The relationship between increasing self-efficacy and decreasing fear of flying

From the Pearson correlations shown in Table 5, it could ke concluded that
there was a very strong and consistent relationship between the increase of
belief in self-efficacy during treatment, as measured with the FSCS and FFCS,
ard a decrease in fear of flying, as measured with the FAS, FAM and VAFAS.
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Accordingly, it aould also be caxluded that self-ef ficacy is stragly cogenial
with fear, ut not identical. Cohen (1977) considered a Pearson correlation of
0.50 to ke straong; here a range was found between -.41 to -.68 (see Teble 5).

Table 5
Pearson correlations between residualized gain scores for self-efficacy and fear
of flying at 3-month follow-up (T8).

Residglized gpin sores (T8):

FAS FAS FAS FAS FAM FAM VAFAS

aticiptay nfligt Gmeral el aitie soetic
FSCS(T8) -5k -8 -A¥ - - - -5
FECS(T8) -5 -5k - 41x - B -8 -5 -4

*p<.i

The initial level of self-efficacy as a predictor of the level of fear of flying after
treatment

There was no significant relationship between the FSCS and FFCS scores at
diagnostic assessment and FAS, FAM, and VAFAS residualized gain scores at
three-month follow-up. The Pearson correlations ranged between .08 for the
FAS in-flight with the FSCS to -.12 for the VAFAS and the FFCS. Thus, the
initial level of self-efficacy at dagnostic assessrent did not predict a decreased
fear of flying as measured with the FAS, FAM, and VAFAS at the follow-up
session. Consequently, it could anly be concluded that denges in flight arxdety
were urelared to belief in self-efficacy before treatment.

Post-treatment self-efficacy scores as predictors of the long-term effect of
fear of flying treatment

Fear of flying as measured with the VAFAS showed that with a mean value of
8.4 (3D 1.4) at pre-treatment fear decreased even further to 2.4 (SD 2.0) at 3
months, 2.1 (SD 1.9) at 6 months and 1.9 (SD 1.9) at 12 months after treat-
ment. Analyzed with Wils ILambda, the changes on the VAFAS over time
between all four measurement points were significant (F(3,196) = 745.40, p <
.001) . Pairwise Bonferroni conparisons (alpha individual: p < .008) of mean
df ferences between VAFAS]1 and VAFAS2 (5.95 SD .15), VAFAS]1 and VAFAS3
(6.26 SD .14), and VAFAS1 and VAFAS (6.46 SD .14) were all significant (p <
.001) . Pairwise comparisans of the mean dif ferences between VAFAS2 and
VAFAS3 (.32 9D .09, p < .01) and VAFAS2 and VAFA34A (.52 SD .12, p < .001)
were also significant.

Self-efficacy measured at the 3-month follow-up (T8) was significantly asso-

clated with VAFAS scores at the 6 and 12-month follow-ups. Correlations were
all arord .50, rerging from .46 to .51 (p < .001) . Four separate hierarchical
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miltiple regression-analyses were performed to analyze whether self-efficacy
measures predicted fear of flying at the 6 and 12-month follow-ups independent
ard aoove the level of fear of flying at post-treament. In these amalyses, the fear
of flying level at the 6-math followp (VAFAS3) and 12-month follow-up (VAFAS4)
were predicted by VAFAS scores at the three-months follow-up in the fivst step
and the FSCS or FFCS scores at the three-months follow-up in the second step
of the equation. FFCS scores at post-treatment (T8) explained a significant,
additianl 2% proportion of the variance of VAFAS scores at the 6-month follow-
up (F change (1,196) = 7.878; p = .006) and 2% of the variance of VAFAS
scores at the 12-month follow-up (F change (1,196) = 7.821; p < .001) . FSCS
saores at post-treatment only explained a significant, additianal 4% proportion
of the variance of VAFAS scores at the 12-month follow-up (F change (1,196) =
13.437; p < .001), over ard above the ef fect of the VAFAS scores at the 3-month
fallowup.

Discussion

This paper is ae of the few recent studies that provides quantitative data an
the process of treating a large group of patients suffering from fear of flying in
actual clinical practice. Measures of self-efficacy expectancies were used in
the diagnostic assessment prior to treatment, at various stages of treatment,
ard following treatment.

Belief in self-efficacy substantially increased over the entire course of treat-
ment. Once patients began to experience sore success, they might have de-
velaeed a stranger sense of self-ef ficaoy . Aocardirg to self-ef ficacy theory, amll
successes strergthen patients’ sense of self-efficacy and their expectations of
additiaal, bigger successes. Most effective clinical interventians help pecple
experience success as a way of restoring self-efficacy expectancies and a gen-
eral sense of persaal efficacy (Frank, 1961; Goldfried & Rdoins, 1982) .

Although nmost intervention components produced an increase in self-effi-
cacy, the largest gain was doserved after exposure (visit to a Boeing 747, flight
similator and in-therapy flight) (T7) ard after relaxation training with breathing
exercises (T2) . These corponents were followed in efficacy by tedmical infor-
mation an flying (T3), the exercise of aotrolling and modifying negative thoughts
(T4) , ard infametion an arxdety (15) . This aonfimmed that, as the literatire sug-
gested, exposure ard the leaming of aoping skills and how to atrol irraticmal
thoughts are important corpanents of a cognitive-behavioral approach (Maddix,
1991) . This is ane reasm why this fear of flying treatment program was based
a these carpanents. The nost important sources of efficacy beliefs are pecple’s
ability to modulate or aotrol their intermal physiological and enctiael states
(Bandura, 1995) ard the amount of confidence pecple have in- controlling their
arctions and cognitians in gpecific flight situatians.

Post-treatment measures (VAFAS, FAS and FAM) were collected three
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maiths after treatment instead of immediately after the in-therapy flight to avoid
euphoric scores. There is already considerable anecdotal evidence that partici-
pents saore better directly after an in-therapy flight due to a eughoric mood. A
the follow-up session three months after treatment, both the FSCS and FFCS
questiamaires showed a significant decrease in belief in self-efficacy scores in
aarparism to saores dotained directly after the in-therapy flight (see Figures 1
ard 2) . Until now, no other studies have discussed the possibility of a eughoric
mood score directly after an in-therapy flight and rno systamatic enpirical data
were available, but we think that increased arxdety and a decreased belief in
self-efficacy three moths after treatment can be regarded as a correction for
this eudhoric effect. n the other hard, the lag-term effects measured with the
VAFAS showed a further decrease of flight arxiety 6 and 12 months after treat-
ment. Consequently, there was 1o evidance of a fear of flying relapse after three
months.

Trdividel differences in belief in self-efficacy did not predict reduction of fear
of flying in the short ar layg tem.  Althogh kelief in self-ef ficacy might not be
wniversally beeficial, it aould be argued thet perticipants with a greater belief in
self-efficacy will show more inmprovement in a therapy program where self-oon-
trol is stressed, such as in the present study (Thompson & Wierson, 2000) .
Ppparently, the present fear of flying treatment program, incorporated all soarces
of efficacy informetion such as emotiaml arcusal, verbal persuasion, vicarious
experiences and performance experiences (Bandura, 1986) and was compre-
hensive enough to preclude the interaction effects of individual differences in
kelief in self-efficacy and specific dharacteristics of self-efficacy enhancarent

Enhencement of belief in self-efficacy following treatment was closely corre-
lated with reduction of fear of flying. Because correlation does not allow causal
inferences, it carmot be concluded that enhancing self-efficacy produced the
reduction of fear dotained. However, sare empirical evidence was fourd that a
greater belief in self-efficacy predicted mainterance or even further inproverent
of trestment cpins. Participents with a grester belief in self-efficacy at post-
treatment (T8) showed a somewhat better cutcore at the 6 and 12-month fol-
lowups, even after statistically correcting far differances in fear of flying at post-
treatment. These results suggest that belief in self-efficacy camot ke solely
regarded as an epiphencorenon of anxiety and leave open the possibility than
changes in belief in self-efficacy are of sore causal importance in the process
of reducing fear.

The design of this study had several methodological shortoomings. It was an
unaontrolled open study and components had a fixed order. Because a oontrol
condition was not included, it remains undetermined whether the changes dur-
ing treatment were primerily due to the gpecific treatment carmpanents or could
perhaps be better explained by a general nonspecific intervention, maturation,
or test-retest effect. The fixed order of treatment carmponents precluded arty
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definite conclusion about the individual efficacy of the various compoents. Ethi-
cal aonsideratians rendered infeasible the methodologically more desirable ap-
proach of randomizing the order of treatment components in a counterbalanced
design. Consequently, acoclusians about the relative ef fect of the variass treat-
ment conpanents have to be interpreted in the context of the particular order of
treatment components in the present program. Although the largest increases
were doserved after relaxation training with breathing exercises and exposure,
we do not know whether exposure alone would have resulted in the same gains
without other therapeutic preperation. Nor do we know whether relaxation train-
ing with breathing exercises would have had the same impact if introduced later
in the therapy. However, as stated aoove, therapeutic ard ethical prdolans would
have arisen if participants were exposed to a flight without preliminary treatment
preparatian, since most participents in this study had flown before and foud it

Furthermore, self-efficacy expectancy measures have been developed mainly
for research; however, their suitability far use in clinical settings is ukomn.
They have good logical or face validity, are brief ard straightforward, highly spe-
cific with regard to prdolem behaviors and prdblem situations, and lend them-
selves to use at frequent intervals to efficiently monitor patiat progress (Goldfried
& Robins, 1982) . However, inthis sady, there was a close correlation between
charges in self-ef ficacy and changes in flicht arxdety. SElf-ef ficacy theary is
proposed as a model of behavioral change, not of emoticnal experience. Bandura
(1984) stated, “Self-efficacy scales ask people to jude their performence capa-
bilities and not if they can perform nn-arxdously .” Tnthis sady, it was assured
that self-efficacy aould also ke applied to aotrolling arxdety-related cognitians
ard that this cognitive dange could help aotrol arxdety states. There are strayg
correlatians of dhanges in self-ef ficacy ard self-reported flidght axdety, bt they
are not high enocugh to suggest that the two concepts are the same. However,
whether the aostruct validity of the self-efficacy questiaraires is sufficient ad
whether these questiamaires do not also measure arxiety to a substantial
extent could be questioned. Consequently, it cammot ke aoncluded that the ef-
fect of the treatment is through inprovament in self-ef ficacy.

A related point for discussion is that there are likely also other factors thet
could explain the dhenge in arxdety apart fran self-ef ficacy . Slf-ef ficacy theory
focuses on the more cognitive aspects of mastery and effectiveness expectan-
cies and values than on more affective constructs such as needs, notives, and
feelings. It was already known that exposure works as an arxiety reducing
therapy (Bmmelkanp, 1994), but exposure af fects more then just self-ef ficagy .
Change processes could also be taking place in other areas. Perhaps other
processes were respansible for changes, which canmot be explained on a cog-
nitive lewel ar by self-ef ficacy theory. It is most likely thet hebitetion plays a
leading role subsequent to an exposure program.

The self-efficacy model and the measurenent of self-efficacy could help clini-
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clans target specific aarpetency-related beliefs ard situatians, predict areas of
potatial dif figity, ad tailor interventions to meset patiats’ gpecial needs. A
self-efficacy smale that provides detailed informetion about “at risk” situatians
can also help therapists clarify, anticipate, and prevent prdolams patients typi-
cally encounter when attenpting new or arxiety-provoking behaviors. However,
the results of this study indicated that self-efficacy measures were no crucial
predictors of therapy success, neither at pretreatment or post-treatment, given
the close correlations with arxdety measures.

A recomerdation for future studies is to investigate whether self-efficacy
expectancy measures directly measure psychological adjustment and also
whether low self-efficacy expectancies are sufficient for diagnosing psychologi-
cal dysfunction or whether high self-efficacy expectancies form a guarantee of
psycdhological health. Another recomendation could be to investigate whether
randomizing the order of treatment components in a counterbalanced design
would give a different result for the individel efficacy of the various corpoents
in comparism to this study.
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Abstract

Post September 11, 2001, there has been an increased focus by
the airline industry and governments to evaluate various technolo-
gies associated with security and identification. Prior to September
11, Automatic Identification and Data Capture (AIDC) technolo-
gies have been used extensively in airports and the aviation indus-
try for a number of years in applications ranging from bar coded
baggage tags to magnetic stripes on boarding cards. Although
used in limited applications before September 11, there is a re-
newed focus on another branch of automatic identification technol-
ogy, namely biometrics. This paper will present a primer on bio-
metric technologies and provide a theoretical framework, an un-
derstanding of the role of biometrics, and case studies, specifically
within the airline sector.

Introduction

Since the September 11, 2001 terrorist attacks in New York, Washington,
and Pamsylvania using comercial airliners, there has been considerable cov-
erage, both politically and within the media, an transportation seauwrity, with the
mejority of the foous being placed upn the aviation industry .Although prior to
September 11, there were installatians of biaretric tedrologies within airports,

Requests for reprints should be sent to Beverly laughead, FAA Academy,AMA-502-0U,
P.0O. Box 25082, Cklahoma City, OK 73125.
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these were focused on inmigration efforts by the Immigration and Naturalization
Service (INS), called the INSPASS, and enployee access control. The passage
of the Aviation ard Transportation Seaurity Act focused on new and emerging
tedhmologies that may include biaretrics (lazarick, 2002) . In addition, Section
403 of the U.S. Patrict Act mendated “the Attormey General and the Secretary of
State work with the National Institute of Standards and Technology to develcop a
tedmology standard that can be used to verify the identity of persons applying
for a United States visa for the purposes of aonducting background checks for a
United States visa or such persans seeking to enter the United States pursuant
to a visa” (U.S. Patrdct Act,” 2002). As a result of the work in this standards
comittee, biaretrics is being amsidered for a runber of transportation-re-
lated goplicatians. As such, those in academia now may went to include bio-
metrics as part of a course in aviation security or airport menagarent. This
pEper is written as an introduction to biaretric tedrologies, cutlining the gen-
eral ameoepts ard definitions that students in aviation tedrology will core
across, the gpecific classificatians, ard the specific issues within an airvport
envirament that may affect the performence of individual biaretric tedrolo-
gies. There will also be a section an bioretric tedmologies that have been
successfully deployed within en aviation setting.

Biaretric Definitions

There are three camon ways of identifying somemne’s identity: through an
individual’s knowledge, such as a password; through sorething an individual
has, for exanple an identification card; and the third method, through some-
thing they omn. In mery airport applications, individuals gain access to gpecific
areas by providing a card ard persaal identification mmber (PIN). A combina-
tio of these provides a more rdoust security gotion.

Biaretric identification is defined as the “automatic identificarion ar identity
verification of (living) individuals kased an behaviaral and physiological darac-
teristics” Wayman & Alyea, 2000, p. 269). Paysiological biaretrics include
facial recomition, finger, face, eye, and hard, whereas behavioral includes
gspeaker, keystroke, ard dynamic signature verification (Rejmen-Greene, 2001) .

Furthermore, a bioretric must be measurable, rdoust, and distinctive New-
ton & Woodward, 2001) . There are two applications of biometric technologies:
positive ard necptive identification. Rositive identification is “to prove you are
who you say you are,” whereas negative identification is “to prove you are not
who you say you are not” (Wayman & Alyea, 2000,p. 269)

All bioretric systems follow a generic biaretric model - shown below in
Figure 1 (Waymen, 2000a) . The generic biaretric system cansists of five differ-
ent sectians - data collection, signal processing, decision, transmission, arnd
Storace.
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Figure 1. The General Biometric Model (Wayman, 2000a) .

Assure the following scenario. An individual needs to gain access to a par-
ticular area that is secured by a biaretric system. Once their identity has been
anfimmed by presenting the access issuing authority a set of credentials, they
need to be entered into the system. An individual is entered into the system by
placing their biaretric near or an a sensor . There are several ways of collecting
the biaretric imege. For a fingerprint, the finger is placed o a sensor arnd an
imege taken; for face recognition, an individual locks into a camera; ard for
hand geometry, an individual places their hand uder a carera. The biometric
image then is transmitted to the pattem matching section, where features are
extracted ard the features are processed through a quality control. If acoept-
able, the imeges are stored in the databese. If these imeges are not acoeptable,
there is a failure to acquire (FTR), ard the individual is requested to present their
biaretric again. Figure 2 shows an exanple of a fingerprint collected fraom a
sensor, ard Figure 3 shows the extracted features called mirutiae points. The
sanple is taken a rumber of times. Sare face applications can take up to 100
pictures and fingerprint sensors may collect between three and seven images.
These initial imeges then create a tenplate.

Figure 2. Firgerprirt Figure 3. Extracted features fram the firgerprint
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Several factors may affect the enrollment. The first is whether the individual
has measurable characteristics, if not, then an imege may not be able to be
aollected. The secad is whether the imege is rdoust - for exanple, if the bio-
metric sanple is dameged or changed overtime. The third factor is distinctive —
how it varies amogst the enrolled population.

The imeges are stored as a tarplate, which is then stored, awaiting for the
next visit of the individual to the device. When thet coors, the individual pre-
sents the bioretric to the sensor.2gein, if the sensor cammot pick up a good
encuch quality imege, the individual is asked to present their sanple again.
This could ke due to poor presentation; for exanple, the individual may not have
put his/her entire finger an the device, may have misaligned his/her hard, or it
may e due to sare other enviramental condition. This erviromental condi-
tion may occur when the enrolled device and the access area are in different
locatians.

Onece the individual presents his/her sanple to the biaretric device, the al-
gorithm goes through a process of matching the two images. There are four
different ocutcores associated with this matching computation. If the sensor
does not pick up a good enouch sanple, it is a failure to acquire. If the sensor
matches the sanple to the wrang tenplate, this is a false match and an impos-
tor gains access to the area. If the sensor does not match the sanple to the
aorrect tenplate (called false nmon match), the correct individual is denied ac-
cess to the area. A threshold is acceptance or denial of a biaretric sample
kased upm the saore falling above or below a threshold. The threshold is vari-
able so that the levels of security can change (AfB/ICSA, 1998) . Verificatim is
the process of canparing a sukmitted biaretric sanple with a previcusly stored
bioretric tarplate in order to determine the identity of the subject (Waymen,
2000b) .

The issue of biaretric use ard its aultural, moral, ard social ramificatians
deperds largely an the application. Applicatians can be classified into seven
categories: cogperative versus non-codperative, covert versus overt, habituated
versus non-habituated, attended and non-attended, and whether the system is
public or private, gpen or closed. Cooperative versus non-codperative refers to
the action of the deceptive user or inpostor .Applicatians verifying the positive
claim of identity, such as access control occur when the deceptive user is
cooperating with the system in order to be recognized as samecne he or she is
not (Wayman, 2000a) . A nom-cooperative goplication is a deosptive user who is
1ot cooperating with the system in order not to be identified. When a claiment is
wuevare that a biaretric identifier is being used, the use of the system is clas-
sified as covert. If the user is aware thet the biaretric identifier is being taken,
the systam is classified as overt. A habituated application is everyday use of the
biaretric device; such as entry to a particular roam, or log-an to a network
computer. However, if the use of the biaretric device is infrequent, the system
is wn-hebituated. All systars will ke un-hebituated at the installation of the
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system, and ey have a mixture of habituated and un-habituated users throughout
the gperation of the device as new claiments ard frequent and infrequent claim-
ants use the device. A biaretric device is nm-attended if it does not have an
oeerator or sareae is guiding users with the device. A standard envirament is
the envirament in which the biametric device operates. The sixth category
classifies the users, such as enployees of the comparty (private) or custorers
(pdolic) . If there is a requirarent to share with other bioretric systans then the
systam is classified as qoen; if not, it is closed.

In the aviatim irdustry, there are a runber of dif ferat ggolication classifiers
with which to deal. For the airport worker who needs to gain access to the ranp
on a rumber of occasions during their workday, the gplication classifier will be
aooperative, overt, habituated, non-attended, private, ard closed. This is the
same gpplication classifier as with the exdsting badoes; however, biawetric tech-
mologies add an additiawl level of security to the tcken and pin. For other secu-
rity needs, these goplicatio classifiers will denge. Applications may need to
e covert or have non-habituated users. Other applications may have non-coop-
erative individels, with the resulting seardty setip altered to take this into
omsideration.

Necptive ard Rositive Identification

There are two gpplicatians of biaretric tedrologies: positive idatification is
“to prove you are who you say you are” and negative identification is “to prove
you are not who you say you are not.” For positive identification, verifying the
claim of the individual is through the compariso of the sanple to an enrolled
tenplate. In the negative identification system, the user mekes no claim to
identity; therefore, requiring the search of the entire database (UKBAG, 2000) .
Therefore, when enrolling in a negative identification system, a corparismn is
mece of the enrollment tamplate with all other enrollment tamplates in a system
to meke sure that there is not a match (UKBWG, 2000) .

Positive identification dees not require the use of biaretrics; other forms of
pPysical identification such as driver’s licenses, passports, and passwords can
positively identify the individel. Rositive identificarion agolicatians include the
INSPASS system, which enables frequent travelers the gogoortunity to eroll ina
hand gearetry database to gain entry into the United States, used by the U.S.
TImmigration and Naturalization Service (Waymen, 2000Db) .

Cawersely, recptive idatification, is aily achieved using biaretrics Wayman,
2000b) . Sare applicatians require the use of negptive identification, such as
biometrics on comercial driver’s licenses. When enrollment occurs in a nega-
tive identification system, the system conpares the samples with all the tem-
plates in the databese to ensure that there are no duplicate records. Table 1
below shows the relationship between Positive and Negative Identification as
explained in UKBWG (2000) .
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Table 1.
Positive and Negative Identification Classifications

Posiie Negatie

To prove Tam who Tsay Tam To prove Tam notwho Tsay Tam not

Com parison ofa subm ited sampk to a shgk Com parison ofa subm ited sam pk to allenwoled
chined temphte tem phtes

Can use alemative om s of dentficaton such as No alematives o this form of Hentificaton exists
drivers Tcenses and passpons

Volintary Notvolinar

B bm etric Inked to extemalinfom atbn only thiough | Linkage to personalifm aton notrequied
extemaldocum ents

Biaretric Technologies Commonly Used in Adrports

There are a runber of biaretric tedmologies already in use in a rumber of
airports throughout the world. The most comonly deployed biaretric tectnol -
ogy in airports is hand gearetry . Other biaretrics described are fingerprint, irds
ard face recoonition.

Hand Geometry

Hand gearetry measures hand characteristics such as finger length, width,
thickness, and curvatures (Jain, Bolle, & Pankanti, 2001). It does not measure
pelm prints or take into amsideration variables such as fingerprints, scars, or
oolor of the skin. Hand gearetry has been implemented at a mumber of installa-
tions for inmigration, access oontrol, ard time and attendance. One such ex-
anple is at the San Francisco Intemmatianal Alrport, which has installed over 600
machines at doors for access control. The hand georetry readers are hardwired
into an electramegnetic door lock. Individuals swipe a megnetic card with the
individel’ s biaretric template and then place their hand in the reader. This
berefits the airport since they previcusly had a prdolem with lost ID cards.

Attaching a biaretric requivement to the ID card adds another layer of secu-
rity to access aatrol. It also emsures thet if an airpart ID card is lost, the card
can be deactivated alag with the biaretric. Therefore, if sareone were to find
the ID card, he/she would not ke able to sinply use the card to gain access, as
he/she would also have to present a biaretric. Another exanple of pre-Septem-
ber 11th installation of hand gearetry is time and attendance applications. Ac-
cording to Biaretrics (1999), the airline has over 2,000 full- ard part-tine em-
ployees using the system. The advantage in using bioretric authentication for
time and attendance based systems is that it eliminates ‘buddy punching’ and
provides the airline with an accurate time and attendance record. At Ben Gurion
Tntemretiasl Airport (2000), departing or arriving passengers use hand geonetry
reeders in cagunctiom with a credit card used for initial verification to gain a
receipt, allowing them to proceed throuch security.

Fingerprints

Fingerprints have a lag history in persanl identification and authentication,
the foudatians of which were established by Galton in 1882, in a bock titled

International Journal of Applied Aviation Studies



Fingerprints, and Henry in 1901, who revised Galton’s features, also known as
mirutiase points. Fingerprints are partitioned using the Henry Classification and
include right logp, left loagp, whorl, arch, ad tented arch. Glto features are
used for matching (Halici, Jain, & Erol, 1999) . Glton defined four dharacteris-
tics of a fingerprint: ridges, specifically the begimming ard ending points of thaw;
forks; islards; and enclosures. Galton features were expanded to include dots,
short ridges, crossover, bridge ard spr (Halici, Jain, & Erol, 1999). Within
biaretric systams, there are two types of finger imege typologies — mirutia-
and patterm-based systems. Minutiae-based systems have traditionally been
used within the forensic gporoach, and are the de facto standard for AFIS (Auto-
metic Fingerprint Identification Systems) . In this methodology, the minutise are
extracted and recorded based on their location. For a more detailed discussion
o mirutise-based fingerprint featire extraction, see Halici, Jain, & Erol (1999) .

The pattem-based approach has been driven by the requirements of smaller
sensors that can be deployed on mobile computers and PDA's According to
Soutar (2002), a pattem-based approach consists of two stages - a cawersion
of the raw fingerprint imege to “a cropped and down-sampled finger pattem”
followed by “cellular represattation of the finger pattem to create the finger pat-
tem interdancge data” (. 7).

Because of the Federal Aviatio ard Transportation Security 2Act of 2001, all
airports are to caxduct criminal history record checks an all erployees that
have unescorted access to secure areas. Fingerprint devices are being installed
in ssveral aivport facilities. As a respanse to the change in the law, many air-
ports are purchasing bioretric fingerprint tedmology. O'Hare Intermatiaml Air-
port uses finger ineging to seaure entry ard delivery into the universal air cargo
area. Conbined with a smert card that holds menifest information, the finger-
print system identifies drivers ard their corregpanding trucks and carco.

Iris Recognition

Iris recognition uses camera tedrology to recognize pattems within an irds
at a distance. These pattems include Varching liganents, firrows, ridges, crypts,
rings, corama, fredkles ard a zigzag collarette” (Daugren, 2001, p. 2). Iris rec-
ognition has been deployed in a rumber of airports for employee identification
ad idetification at immigration halls. The first U.S. installation of irds recogni-
tion for airport seaurity wes at the Garlotte/Doglas Intematianl Alrport (North
Carolina, UR). The system includes an access aotrol station for U.S. Air-
ways pilots and flight attendants, and a separate station for airport enployees
ard other airline persarel. At Frankfirt Airport, Germany, an iris recogition-
based identification system cotrols airport and airline enployee access to
restricted areas and enhances security operations. This altermmative eases the
aubersore paper- and token-based identification processes and ensures se-
aurity and cawenience for airlines and enployees. A five-moith trdal using irds
recognition is underway at Heathrow Airport. The trial is aimed at reducing the
time in the arrival hall where inmigration documents are processed. Up to 2,000
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frequent-flyers an Virgn Aflantic Airlines ad British Alvways will perticipste in
the program (Eye Ticket, 2002) .

Facial Recognition

There are several nethodbologies for facial idatification, as disaussed in Howell
(1999) ard Podio (2001) . Facial recoonition is being trialed in a rumber of air-
ports including Dallas-Fort Worth and Palm Beach Intematianal, where the tech-
ology will ke deployed in dhedkpoint areas (Visianics, 2002) . In Caneda, Thirder
(Industry Updates, 2002) .

Biaretrics ard the Airport Eviroment

As disaussed earlier, within the airport ewviramatt, there will be meny dif fa=
ent types of users; and meny different classifiers may be enployed in the same
fadility, for exanple, attended enrollment at a security bedge of fice, but ust-
tended at the door or checkpoint. According to the Aviation Security Biaretrics
W orking Group (ASBAG, 2001), there are five focus areas. These are transpor-
tation enployees, surveillance, passengers, pilots ard flight crew, adair traf fio
axtrollers.

Fach of these particular users will interact with the device in different ways.
While the classifiers described above are important in evaluating a biovetric
before inplementation, user psychology is important when assessing the imple-
mentation success of the biaretric installation. According to Ashborne (2000) ,
biaretric literature rarely discusses user psycdhology. If a user does ot wart to
use the system, he or she may not be oonsistent in the use of the system (e.g.
the presentation to the sensor), and will produce a wide variance in distance
measurenents resulting in higher average ervor rate. The additiaml effect of
rejecting the user, even if claiming the carrect idatity, provides more reason for
the individual to be non-cooperative with the system. Cowersely, someone who
is enthusiastic about the device will produce lower-than-average ervor rates. For
partiacular airport goplicatians, door seardity for exanple, there are tangible ben-
efits for users to acospt the system. Check-in validation (due to the tangible
berefits) may induce the individual to perform at a lower-average-error rate. How-
ever, checkpoint screening at a doke-point within an airport may result in higher
errors, as pedple may Or may not cooperate.

Identification brings prdbolens of its owmn. Researchers have classified the
pooulation into four groups: sheep, goats, lanbs and wolves (Doddington, Ligoett,
Martin, Przybocki, & Reynolds, 1998) . Sheep are defined as the normal popu-
lace that have no prdolem enrolling and using biaretrics, goats as people that
for ane reasm or ancther sinply cammot enroll, lanbs as pecple that their bio-
metric measurements are easily mimicked in some way, and wolves as those
that can have measurements taken that will pass for someone else (Woodward,
2002) .
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This poses dwallenges to airport authorities when trying to select the best
biaretric for their specific gpplication. The strengths and weaknesses of these
biaretric tedrologies are a function of the application to which they are being
introduced. When selecting a specific tedmology, airport menagers need to
foaus not anly within the application classifiers descrilbed above, but an a rm-
ber of areas. User participation is a factor for successful deployment.

If a user does not want to use the system, he or she may not be consistent
in the use of the system (e.g., the presentation to the sensor), and will produce
a wide variance in distance measurements and a resulting higher average error
e, The additiamnl ef fect of rejecting the user, even if claiming the correct iden-
tty, provides more reasmn for the individual to e non-cooperative with the sys-
tem.

However, several factors can improve the successful deployment of a biamet-
ric golication. Tre first is to meke sure thet the biaretric installation is ot
dependent solely an the specific bioretric alane. Biaretrics is just ane part of
the seaurity system, ard there are other factors that can affect the overall sys-
tem chances of success or failure. The biggest mistake that individuals meke
when introducing a biaretric system is to assure that they know their popula-
tion. However, the case is that biaretrics may perform poorly when there are
artliers in the pooulation. As discussed earlier, user percsptio is also impor-
tant. For an enployee access control solution at an airport, menagers can
educate individuals and answer their questions or concems. For a broader bio-
metric program, such as a frequent traveler program, individuals may not went
to use the tedmology.This may be for a mumber of reasons such as fear, mis-
anosptians, invasian of privecy or cultural dojectians. Another question is to
establish who the biaretric users are - enployees, cotractors, Or passen-
oers. Aopin, these will have dif ferent goplication classifiers. Wt biaretric is
going to be collected? This may be mandated or recommended by government
agencies, due to historical reasans. One such exanple is fingerprints for back-
ground checks. However, if the system is going to be closed, as the system in
San Francisco, the airport may choose the specific biaretric techmology . Other
bioretric technologies might be mandated or recomended by international
bodies. Adrport menagers might also have to take into ansideration device influ-
ences, such as sensor and hardware issues - cleaning the sensors due to dirt
ard snears, residual sanples (meybe the case in fingerprinting), sensor quali-
ties, as well as hinen factars. ZAnother factor for airport menagers to aasider is
throughout rates - at the seaurity dheck-in for exanple, there will need to be
higher throughput than at an access control gate to the ranp.

Biaretric Standards and Alrport Searrity
However, sare guides will aid airport menagers and those meking decisions

for biaretric inplementations. The USA Brict Act (Act of 2001) in Public ILaw
107-56 Section 403c cutlined the need for tedmology standard to confirm iden-
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tiy . The Intermatianal Comittee of Information Teclnology Standards (INCITS),
through its proposal IT/01-0917, established a new tednical committee with
the purpose of developing standards for biaretric tedrologies. As such, new
docurents within the conmittee include proposals for bioretric data corven-
tias, fomets for identification doouents ard card, gpplication profiles for
intergoerability and data interdhange for the biaretrics-based verification, iden-
tification of transportation workers, and verification and identification for barder
crossings.

(e of the gmals for bioretric standardization ard aviation industry is being
pursued by the Transportation Seaurity Administration (TSA), where the estab-
lighment of a comn credential across the entire transportation system is
evisioned. This credential is envisioned to be used across all modes ard for
access to secure areas of the trangportation system. The goal of this standard-
ized credential is the Transportation Workers Identification Card (IWIC). Zsit
irmvolves identification of an individual, bioretric tedrologies are being exam-
ined as part of this framework. According to ILazarick (2002), bioretrics within
the airport envirament will be reference and gperatiamal. Reference biaretrics
will be used at the initial gpplication and re-issuance. Iazarick anticipates the
use of fingerprint tedrolagy, where the tenplate will be stored an the card ard
also in a catral databese. This will, in effect, be a necprive idetification sce-
rario to prevant alias ewollment. The goeratianl biovetric will be used for verd-
fication at points of acgess, ad it is ewisiaed thet 1ol airports will select the
devices based on technology .As disaussed in this article, there are mery dif fa=
ent types of biaretric tedrologies, each suited for a nunber of different gopli-
cationgs. Therefore, local airports may be mede up of a munber of different de-
vices, capitalizing an the strengths of each biaretric tedrology at a specific
application (access aotrol, perimeter aotrol, etc) .

Conclusion

Given the arrrent level of attention an aviation security, biaretric tedrolo-
gies may provide an additiamal level of security that mey not be available with
traditiawal tdkens or password PIN conbinatians. Bioretric identification will
play an inportant role for students in aviation. As discussed in this paper, there
are a nunber of biaretric tedrologies available within the airline industry.A
caveat is that proper understanding of the ervivament and the application will
provide airports with the enhanced security and custarer service required by
today”’ s traveling pdolic.
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Abstract

History is replete with examples of powerful organizations led by
powerful people who recognized the value of passion or love for
the job in accomplishing the extraordinary. Aviation is no excep-
tion. In fact, aviators are known for their passion for flying that
sometimes borders on arrogance. Successful aviation leaders have
recognized the value of that pride and passion in achieving orga-
nizational mission success.

Contemporary research of aviation leadership indicates that avia-
tors frequently see themselves as part of a prideful business that is
unique in its history and its achievement. The uniqueness of avia-
tion leadership is attributed to: the volatility and futuristic nature of
the business; the safety issues and unforgiving nature of the pro-
fession that demands the highest standards; the visibility and pub-
lic impact of aviation activity; the capital intensive requirements of
the industry; the technical skills and single focus sometimes re-
quired for success; and the camaraderie and esprit’ de corps of the
aviation community who share a passion for the industry. This ar-
ticle utilizes the findings of a 1998 study of the Characteristics of
Successful Aviation Leaders of Oklahoma to launch a review of
the literature and explore the power of passion in leading aviation
professionals.

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-502-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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Introduction

Passion can be described in a variety of ways ranging fram words of emotion
such as affection, devotion, ard even love, to words of cawiction such as enthu-
siasm or fervor for a topic or profession. The literature an leadership in general
uses these and many other synonyms to describe the powerful commitment
and emotion expressed as a ‘fire in the belly” kind of experience associated
with doing sarething you love. For parposes of this article, that expression will
e used to describe passion in leadership and to explore the power of that
passion in the aviation envirament.

The amotion of passion can be associated with mery professions. It is often
more readily associated with professians such as firefighting, military service,
medicine, ard aviatio, all of which require self-sacrifice, hicgh risk, ar ndole
action. However, contemporary research has unearthed sare surprising find-
ings related to passion in a variety of other professians including menagament
and leadership. The power of leadership passion coupled with a passion for a
high-risk professian such as aviation provides a fertile field for funmre research.

Even before the Wright Brothers ard the early attenpts at flight, a fascina-
tim with ard pession for flight has been a part of the history of aviatio itself.
That passion nenifested itself in the earliest years of flight with kemstomers
ard their recklessness ard willingness to risk their lives to engage in their pro-
fession. Tt has not diminished today, yet little has been doe to resesrch the
aaept of passia in aviation leadership. This article will describe sore of the
literature pertinent to passion in leadership and examine the impact of carbin-
ing passio for both aviation ard leadership in leading aviation professiawls.

Contemporary Research

A begimming, alkeit a small begiming, in researching the concept of passion
in aviation leadership had its arigin in the 1998 findings of a qualitative study of
the Garacteristics of Successful Aviation Leaders in Oklahoma which surfaced
sore interesting perspectives an the inplications of passion. In that study (Kutz,
1998), 18 aviation leaders from a variety of different aviation specialties were
interviewed regarding their backgroud, cpinions, and recamendations for fu-
ture aviation leaders. When asked what if any differences they had noticed in
achieving success as a leader in aviation versus another envirament, 50 per-
cent of the respondents perceived the aviation leadership role as unique and
marty of them cited passion as a reason for that wniqueness. The leaders cited
exanples of their doservations of passiom at work in the aviation industry and
their perception of why aviation leaders often demmstrate a significantly higher
level of passion. Their perceptians included:

1 the matural hich of a high-risk professian;
2 apride and certain glamour that cores from the ability to conquer the
gkies egpecially in the early years of aviatian;
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3. the greater emphasis on quality and higher standards necessary in
aviation because of the unforgiving nature of the envirament;

4. the dynamic nature of the profession both tedmically ard in terms of
the business risk and capital intensiveness of the business;

5  the more structured and disciplined nature of the ernvirament;

6 the crtical inportance of being fuburistic and visiaary in such a volatile
imstry;

7. the impact of the overall aviation mission an the public;

8 the coplexity of the tedmical skills necessary to survive;

9 the camaraderie or esprit de corps of aviatio professiaals; and

10. the soretimes sirngle focus an aviation based an the love for the field.

As the research questions pradoed nore deeply into the concept of motivation
and leaders were asked what motivates aviation leaders to perform exception-
ally, the most frequently identified notivator of successful aviation leaders was a
love for the aviation business, a love for flying ard a love for their jdo ard what
they do (Kutz, 1998) . The Kutz findings were aonsistent with those of Kouzes
and Posner (1995), and other more generic leadership research.

Kouzes and Posner (1995) described, “Love-of their products, their ser-
vices, their amstituents, their clients ard custarers, ard their work” as possi-
bly “the best-kept leadership secret of all” (p.14) . This doservation followed sev-
eral years of research in which Kouzes and Posner created a research base of
60,000 leaders arnd constituents in a variety of occupations worldwide.

Review of the Literature

The Power of Leadership Passion

The concept of passion and love as an act of will or cawiction and a source
of power is sugported in the literature in a variety of ways. That power is a
Cerivative of a rnber of gpecific qualities noted in effective leaders.

Active, energetic leadership. Clemmer (1995) lamented the misuse of that
power when menagers create a “passianless culture of budgets, business plans,
strategies, and projects and try to energize people by mission statements,
visians, values ard other leader speak” ({2) . Clemmer’s article went an to de-
scribe effective leadership as actio, not a position. Effective leaders gererate
action that comes from creating energy through excitement or urgency (7).

In his study of hundreds of  ‘pesk perfomers,’ Garfield (Clemmer, 19%) al-
Tuded to that energy which produces action when he described preference with
a passion or camitment to what they do as ane of the single most dramatic
differences between pesk performers ard their less productive colleagues (95) .

Leadership service . Tn an article etitled “Startirg the Young on Passion for
Leadership,” Jimenez (2003) cited Mexwell’s description of a true leader in “The

One Emotional Aspect of Aviation Leadership
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21 Indispensable Qualities of a Leader” as sarecne with “a passion to serve
ard build up others to the point of sacrificing your own persaal wants for their
sake and benefit.” He described that passion as “loving your pecple nore than
yar positiay’ (f15) .

Primal Leadership, Realizing the Power of Emotional Intelligence, Goleman,
Boyatzis, and McKee (2002), a team of renowned researchers, explored the
role of emtiaal intelligence in leadership and described the discovery of “The
Ideal Self” as the point where change begins. When leaders engage anly at the
intellectial level, it is diffiailt to meintain the energy ard comitment thet cares
with a desp pession about ae’s profession. It is that camection with ane’s
dreams that releases passion, energy and excitement and arcuses enthusiasm
in those who lead. They described the process of reaching deep into ane’s gut
level to develop the ideal imege and becoming passicnate about the possibili-
ties life holds (gp.115-116).

Peters ard Austin (1986) described a seminar where a young undergraduate
asked what the most important criterion for success might be. Peters wrote an
the board, in letters a foot-and-a-half hidh, the word “Passion,” and prooesded to
elaborate that “you gotta love what you do. Yau gotta care” (p. 339). He later
quoted Vince Larbardi, coach of the Green Bay Packers, as saying, “I dm't
necessarily have to like my associates, but as a men I nmust love them. Love is
loglty. Iove is teamwork. Love respects the dignity of the individual . Heartpower
is the strergth of your corporatiay’ (p. 341) .

Nef f ard Citrin (1999) of the renowned executive search fivm, Spencer Stewert,
described their ef farts to identify the most successful business leaders in America
based upon the most exacting standards imeginable. In their book, Lessons
from the Top, The Search for America’s Best Business Leader, they interviewed
each of the fifty leaders recarding their acoarplichments, kbeliefs, careers, etc.
ard identified ten traits each of the leaders seamred to have in camm. The first
ard most noticesble trait, according to Neff arnd Citrin, was the passio that the
leaders shared for their pecple ard their campanies. When asked for their ad-
vice to young people, they almost unanimously advocated loving what you do
(go. 379-380) .

Conviction. T Eagle’s Flight, Learning that Powers Performance, an article
entitled “Cawiction Must Include Passian,” passion is described as an imer fire
or an emotion that “carries cowiction.fram the heart of one person.to the
immer self of cthers” (2002, ). It firther inplared lesders rot to allow their
cawictions to motivate anly themselves, but “through the megic of passimn,
your visible excitement, allow them to be passed an to those lodking to you for
leedership’ ().
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Aviation Ieadership Passion

Lindoergh (1953) described the passian for aviation as “a love for the air ad
sky ard flying, the lure of adventure, the aporeciation of keauty. It lay beyad
the descriptive words of men—where immortality is touched through danger,
where life meets death on an equal plane; where men is more than men”  (p.3).

Petzirger (1995), in Hard Landing, The Epic Contest for Power and Profits
That Plunged the Airlines into Chaos, descriked flying as “an act of caguest, of
defeating the most kasic ard powerful forces of rabure” (p. xvii) . It irvolves the
power to wipe cut hundreds of lives with ane mistake.

Tre mergin of error in the industry itself is thin with the ability to inplode ad
wipe out a lang list of conpanies that once were going strong such as Pan Am,
Eastem, Braniff, and meny others. Petzinger described it this way. “The union of
devilish details and “godlike power,” as Lindoerch foud in the act of flyirg,
mekes camercial aviation compelling for yet another reason: the anthropol-
aogy of the executive suite.. The men who nun the airlines of America are an
extrare type; calling them men of ego would be like calling Mount McKinley a
rise in the lardscape” (p. xix) . He further describes these executives as men “of
an age ard of a type.all of them stricken with the same infatuation with aviation
ard all of them comitted to achieving persaal triuph” (Pettzinger, 199, p.
x4).

Nowhere is the love or passion for aviation and aviation leadership more ap-
parent than at Southwest Airlines which has built its phenarenal success in
the industry not anly an their passion for aviation ard for their carperny but for
their love for their custarers, co-workers, the aviation public ard pegple in gen-
eral. Freiberg and Freiberg (1998), in their bock entitled “Nuts! Southwest Air-
lines’ Crazy Recipe for Business and Personal Success,” devoted an entire
chapter to the concept of love at Soutlmwest. They described the IV ticker
symbol at Soutlwest not just an advertising thare but a symol of the loving
character of the company that permeates all levels of the orgenization as well
as the hiring practice based an pecple who can exterralize or focus an other
people. They recognized that even though “macho managers might never use
the word ‘love’ in the workplace, most would admit that, when it comes right
down to it, the deepest need in humen existence is the need to be loved and
accepted and that need does not mysteriously disappear when enployees walk
through the door at work” (p. 217) . Soutlmest kelieves love is an act of will,
sarething you do ard that love permeates the orcgnization all the way to its
leadership ard the (B0 level where it is reflected in the actions of Herb Kelleher
as he helps load baggage on Thanksgiving or refuses to change his schedule
when he has a commitment to Southwest employees (p. 221).

One Emotional Aspect of Aviation Leadership
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Prdblems with Passion in Aviation Ieadership

Are there circumstances when passion, love, energy, and drive to action can
impact aviation leadership in a negative way? Does a passion for aviation neces-
sarily equate to a passion for leadership?

I Just Want to Fly

Aviation students frequently share the passion for flight, which is often ex-
pressed in frustration with the need for courses that develop skill in conmmnica-
tim and leadership as well as other soft skills. The student perceptions are that
they will fird a career that lets tham gperate solely within their passion for
aviation. Much to their surprise, they discover that humen comumnications,
team leadership, ard tedmical skills are essential even in the codkpit. Because
of their tedmical skills, they more then likely will be thrust into argpnizatiasl
leadership roles ard the transition from a passion for aviation to a passion for
leadership is soretines difficult.

Unrealistic Expectations and Impatience with Perceived
Undermperformance. Passion for aviation can even becare a necative in leader-
ship when there is a tendency toward inpatience and perceived disrespect for
the talents of mm-pilcts in the argenization. In The Leadership Team: Leading
Lines. Coaching to Help You Lead and Succeed, Gaisler, Dunlap, Favre, and
Jomson (2001) described feedback where managers were comended for their
passiom but were also described as brusque, easily frustrated, impatient, all of
which were descriptors of poor interpersanal skills. It seemed that the evalua-
tors were “sending a message to their leaders that their passion may explain
why you treat us this way, but it doesn’t excuse it; we want your passion chan-
rneled in nmore positive ways” (f3) .

Passion for Aviation versus Wise Decision Making. Aviation management
textlbocks often caution students about the impact of their passion for aviation
that gets in the way of wise decision-meking in a menagement role. Decisions
driven by a love for aviation rather than a passion for wise menagement of the
carparty can severely inpact the effectiveness of the organization. For ex-
ample, capital investments in new aircraft may ke excessive if a decision to
purchase is driven by a fascination with new tedmology that cutweighs wise
business practice.

Petzinger (1995) described aviation leaders whose passion for the industry
ad for the jdb amtributed not anly to their persawl damise ut to that of the
camparty they led.

“....in the end most of these men were exiled from the executive suite.when

that same overwhelming ambition that drives so many executives to the top

also assures their failure; that when executives form emtional attachments
in business, whether to people, markets or machines, they deprive them-
selves of their best business judgment; that those who know an industry best
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are the most likely to take for granted, ard ultimetely ignore, its most irwio-
late principles; that although the relouke may ke slow in coming, greed in the
end, is almost always punished; that economics in short overpowers ego.
Just as they reflect the excesses of business in so meny other respects the
airlines bespesk these lessans in spades” (p. xxdii) .

Conclusions and Recommendations

The aonospt of passion for aviation coupled with a passion for aviation lesder-
ship and the subsequent dynamics of leadership that could harmess the com-
bined power of both emotions deserves much more extensive study.The Ckla-
haoma State University study (Kutz, 1998) simply exposed the deficit of under-
standing ard the potential for a lire of inquiry into a powerful leadership tool for
fubure generations of aviation leadership students. The power of passion ard the
potential for subsequent prablens associated with that passion are fertile fields
of firther irquiry. In the meantime, it is inportant to recognize that enotians
such as passion ard love are not mutually exclusive to success in leadership.
n the contrary, preliminary research and actual orgenizational exanples such
as Southwest Airlines demonstrate the importance of these emotions to suc-
cess in aviation leadership.
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Book Reviews

Psychological Perspectives on Fear of Flying
edited by Robert Bor and Lucas van Gerwen
Ashogate Publishing Limited
Aldershot, Hampshire
England

Reviewed by
Todd P. Hudbard
The University of Oklahoma
Norman, OK

The 251-page textbook is a pleasant departure fram the dozens of self-help
bocks that pramise relief fram fear, it rever tell yau if their advice really warks.
Rdoert Bor ard Lucas van Gerwen treat their readers to a buffet of clinical stud-
ies, therapy critiques, tedrological aides, suggestians for air carrier persarel,
ard therapy success stories. Most of the studies followed a survey research
format, rather than an etlnographic, empirical approach, since the aim of the
research studies was not to study a population of phdoics, but rather to address
the root cause of the phdoia and apply meaningful therapeutic strategies. Data
aollected were gererally of the ordinal scale variety, analyzed by non-paramet-
ric statistics. Therefore, nost of the statistics were descriptive in nature ard
generalizations were more meaningful for the populations sampled rather than
for the greater population of those with a fear of flight. Each study concluded
with a list of limitations or recommendations. In all cases, the authors were
honest about their results and did not overenphasize their meaningfulness.

Sanple populations used in these studies tended to be potential passengers
o comercial aircraft who suffered fran ane or more phdbias. Fear of flying in
pilots or aircrew menbers, caused by traumetic aircraft accidents, was not
addressed.

Fran the autset, this text puts to rest any notion that the contents are anec-
dotal acocounts or that the authors are largely unknown souls doing poor work.

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-502-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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Before the preface, which was written by such notables as Rdbert Wolfger
and Josine Arondeus, the reader is presented with sumeries of each author ‘s
work and credentials. With the aid of sare foreshadowing of text’s content in
the introduction, the chepters were gift wrapped with thoughtful introductions
ad infometive axclusians. If a fomet is suggested, it is thet the reliability
studies far the flidt axdety sittatians (FAS) questiamaire, the visual analogue
flidt axdety scale (VAFAS), ad the flight arxdety modality (FAM) question-
reire are presated in the fivst half of the text, allowing the editars to place
compenian studies in the second half of the text. Occasiawlly, the editars
interleaved a position paper among the studies, perhaps to bresk up the steady
flow of statistical infametio. Placirg Flight Crew Involvement (Chapter 14) ard
Putting Fear to Flight (Chepter 15) at the end of the text was a brilliant nove.
Chapter 14 gave air carriers sorething to do and Chapter 15 ended on the high
note of success.

Forty-two percent of the amtributors had ties to the VAIK Foundation, a
ocollaborative venture between the University of Leiden, KIM, Royal Dutch Air-
lines, ad the Amsterdam Airport Schiphol. Qut of 15 dhapters in the text, six
were written by those associated with the foudation. The VALK Foundation
(http://www .valk.org) has been in cperation since 1989 and has contirued to
perfect the scientific kasis far therapies related to the cessation of fear of flyirg.
(learly, the VAIK Foundation is meking a dif ference.

Eurcpean authors are in the mejority in this text. Exposure to Eurcpean
studies expards the reading list for nost American readers. Comparison of fear
of flying treatment protocols, amayg practitianers in the United States, Austra-
lia, and BEurope, give readers an idea of where the westem world is currently
focused. Although two contributors were from Australia, the text does not repre-
sant the possibility of altemative agoroaches to treatment for fear of flying fram
Bsia, Africa, South America, or the Near East. Future texts an this subject
shauld include the effect of aulture an treatment methods.

Rdocert Bor ard Iucas ven Gerwen, in the introduction to their text, dharacter-
ized a portion of their target audience as psydolagists, psychiatrists, pilcts, air
carrier employees, law enforcement, clergy, medical doctors and rurses, and
rescue workers engaged in the many aspects of fear of flying awareness and
treatment. However, it appears that nost of the dhepters were written for psy-
dolagists or those directly irvolved in treatment (doctors, nurses, flight atten-
dants, ard clergy) . Pilots, air carrier employees, law enforcement, and rescue
services persarmel might appreciate the topics in Ghepters 2, 3, ard 14, but
might not gpporeciate or fully uderstard the inplications of the rest of the text
without tutorials o statistics, psydolagical therapies, ad jargm used in this
field.

Those suffering from fear of flying might also kenefit fram this text, not be-
cause it provides aid to their suffering, lut because there is evidence that sore
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treatments have a higher success rate than other treatments. Today’ s patiaits
like to know that there is a retum on inwvestment for treatment. Many of the
programs are costly, and as Mardy said in Chapter 15, “I'm not doing anything
else because it’s cost me a forture ard T can’t afford any more” (p. 238) .

The text has utility for the classroom, as a compenion text. The content
micht not e lengthy enouch for a stand-alae text, but if paired together with
other research studies in the same field, it would give the students a fourdation
fram which to launch into discussion and further study. Isthudars will fird it
easy to rearrange the chapter sequence as best fits their classroom needs.

At the close of this review, special attention should ke given to the editors.
Readers often judge an edited text by the strength of credentials of its editors.
They will not be disappointed by what they discover about Rdoert Bor and Lucas
van Gerwen. The text is a mesterful work of scientific research an fear of flying,
well packaged, ard thoughtfully presented. Buy ane for your library or use it as
a course text. You will rot ke sorry .

Book Review: Psychological Perspectives on Fear of Flying
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Passenger Behaviour

edited by Robert Bor
Ashgate Publishing Limited
Aldershot, Hampshire

England

Reviewed by
Raymond E. King
Civil Aerospace Medical Institute
Mike Monroney Aeronautical Center
Oklahoma City, OK

Tt is often said thet it is a swll warld. Thet is certainly the case in the warld
of aviation psychology . Before being asked to review Passenger Behaviour 1
had reviewed the proposal for the bock by request of the publisher. Degpite my
initial dodots, Rdoert Bar, the volure’ s editar, hes pulled of £ an anbiticus project.
Arerican readers, however, are cautioned that it contains rumerous exanples
of Winstm Chirchill’ s assertion that the English and the Americans are sepa-
rated by a common language. For example, I had no idea what a “hen weekend”
was, so to clue me in, I had to find a baa fide Brit (no easy feat in Cklahoms) .
Such distractions, however, are a very smell price to pay for the wisdom of the
chapters and lend to its charm. There are sore degper cultural issues, how-
ever, that may prove a little nmore anbersare. I hapgeened to sit next to a travel
agent from Calgary at the SkyDore in Toranto who explained to me the concept
(ard popularity) of package tours in Canada and Eurcpe, a marketing tedmique
infrequently used in the United States. Having dispensed with these minor is-
sues, let’s now amsider gpecific aspects of Passenger Behaviour. Most read-
ers will not read this bodk from cover to cover the way T did to prepare this review
ard will instead use it as a reference tool. Nevertheless, each section deserves
careful cxnsideratio.

The reader is first inpressed with the stable of talent that Bor has agsarbled
to produce this bock. The aotributors are listed alphebetically; Bor is listed
first as a functio of his last nare being first algebetically. The contributors
include a lawyer, travel amsultants, medical doctors, and research ard clinical
psychologists, and meny other specialists.

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-502-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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Bor sets the stage with his excellent introduction. He informs us that the
bock is intended primery for flight and cabin crews and others who work in
comercial aviation. This reviewer would be remiss not to point cut a glaring
errar in the infroduction (page 6) : Flight 93 did not crash in a field in New Jersey;
it tock off from Newark, New Jersey ard crashed into a field in the neighboring
state of Pamsylvania. Similar to the contributor Simon Calder who “was bom
two miles from the rumay at Gatwick Advport,” I was bom within two miles of the
ruwmays at Newark. To their credit, all of the adher cotrdburars ogt this detail
rigt.

Glervil Smith provides a brief but conprehensive chapter an the leggl as-
pects of passenger behavior. He successfully avoids the perils of writing albout
laws that do not pertain to the mejority of readers and instead focuses an the
issues of interest to an intematiawl audience. Tain B. McIntosh cowincingly
meps the garesis of air rage as a menifestation of flight-related stress and over-
indulgence of aloohol. Despite writing a corprehensive and well thought-cut
chapter, he errs when he suggests that air travel “omtimes to increase” (page
17) despite the events of September 11. Other contributors are more accurate
@ this poirt. Alex Cruz and Linda Papadopoulos provide a chapter on the evo-
lution of the airline industry and the consequences an passenger behavior . The
requirements for the early “air hostesses” (page 34) are perticularly amusirg.
While they had to be murses and weigh less than 115 pouds, their duties
included bagogege hardling ard refueling the aircraft! The reader is introduced to
a bygme era of passenger aviation that was expensive, exclusive, luxuricus,
and saretimes unreliable. Nevertheless, passengers were an their best behav-
Ir, ard usually in their best clothes. What happened to this exclusivity? The
authors point to the revolutiawary low-cost carrier, “Raple’ s Express.” As a side
note, the airline was actually named People Express, arnother fact I know fram
my childhood praximity to Newark (now Liberty) Intermational Aivport. The au-
thors also delineate a theory of air rage. The root causes include the deteriora-
tion of cabin service, cabin crew profile, swoking bans, flight delays, ard the
profile of the passengers themselves (page 41) .

Elaine T1jon Foramen gives us an overview of the fear of flying. She conterds
that fear of flying is actally a cluster of disarders to include fear of crashirg,
heights, amfinarent, instability, peniddrg, and lack of catrol. This dhepter is
of great interest to the more psydologically minded reader as it delves into
sare pretty heavy theories of cognitive behavioral psychotherapy . I afjoed it,
bt I'ma clinical psydolagist ad T eat this sort of stuff right up. Other readers
may wish to skim this chapter. Julia Beller cotirues this clinical tred by writ-
ing about psychological and psychiatric difficulties among airline passengers.
She asserts on pages 60 and 61 that “medical consultation was sought on
aporadmately 24 per cent of U.S. flights.” Tt just can’t be acaurate thet medical
amsultation is needed an a quarter of all U.S. flights. In arty case, those wo
are foroed to deal with passagers’ axdety while at 35,000 feet will fird this
chapter to be of sare use.
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Olcp Levitt and Rdoert Bor explicitly deal with a topic thet the other aotribu-
tars also tauch an when they aansider air travel ard the inplicatians for relation-
ships. They succinctly state: “Transitions perturb pecple (page 66) .7 Their ex-
ploration of Bowlby’s attadent theory is not for those uninterested in psychol -
ogy. Susarme Rdobins introduces us to homesickness. She points out “pas-
sengers an the sare flight will typically ke flying for very different reasans ard
will experience the flight in very different ways (page 81) .” While marbers of
various cultures may differ in their experience of haresickness, Rddoins main-
tains that couples saying goodoye all bear resenblance to children being sepa-

Argela Dehlberg, in amnsidering air rage, takes issue with the concept of an
expectation that passengers assist when things go awry in the cabin. She main-
tains that such an expectation is not in line with the pramises of safe transpor-
tation. She asserts that new selection tedmiques are needed to staff the cabin
to address newly emerged security concerns.

Iauren J. Thares writes about passenger attention to safety information and
concludes, on the basis of published survey data, that merny passengers sinply
to not pay attention to the infometion that is presented to tham. Ignorirg this
information, which passengers assune is just redundant with information they
have heard an other flights, puts thenselves ard others at risk. She specifically
addresses the duties of those of us who tend to populate the emergency row
exits and notes the comnterintuitive nature and dif fiaulty of qoerating a Type IIT
exit hatch. This reviewer has had occcasian to gperate this type of exit hatch,
during a training exercise, and could not agree nore campletely. Bd Galea, in
the largest chapter of the bodk, expards upm the topic of passenger behavior in
emergency situations and notes passengers’ tendency to exit from the door
they boarded. He notes the research facilities at the Civil Aerospace Medical
Institute ((MI) ard Crenfield University but notes that real-life evacuatians dif-
fer from laboratory studies due to social bonding - passengers attenpt to re-
unite with separated traveling compenians. The reader is advised that the author
uses the acranym CAMI twice before defining it. This chapter mekes extensive
use of photograghs ard other i1lustrations.

Man Cheung Chung notes the devastating impact aircraft disasters have on
the comunities in which they occur in his interesting chapter an the psycho-
logical impact of aircraft disasters. He also notes the trauma that rescue and
recovery workers face, particularly when children are among the victims.

Margaret A. Wilson chenges the focus of the bodk a bit by focusing an hos-
tage situations aboard aircraft. Drawing upm a rich history of hijaddng events,
Wilson delineates likely cutcores of hijacking scermarios suggesting that hi-
Jjackers ard their victims follow precrdained scripts. Wilsan firally cancedes
that the events of September 11 may have changed all the rules of behavior in
fuure hijaddng events.

Book Review: Passenger Behaviour
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The book then takes a medical tum and addresses the issues of the physiol-
ogy of flying (Richard Dewood), illness among passengers (Jane N. Zuckermen) ,
ard travel fatige ard jet lag (JimWaterhouse, Thoras Reilly, and Ben Edwards) .
These are useful chapters for passengers ard aircrew alike as they may help
prepare hunens for the unique adaptatians required for existing in a smell space,
at altitude, for extended periods of time and then finding themselves in a time
zane not in synchrany with their body clock  Swokers and liberal aladhol inbib-
ers, Inpertiadlar, will fird useful infametim.

Next Peter Jones and Margaret Lunbers consider appetite and in-flight ca-
tering. Their depter provides inside informetion o the lagistics of serving a hot
meal in the setting of an aircraft. Their treatment of thivst ard its menegerent is
equelly fascinating. Stedhen Clift tadkles the topic of sex ad interratiaal travel .
This reviewer thought he would spend more time on the type of behaviors some
passengers engage in while flying. Rather, Clift foouses an those individels
(the authors note that this tendency is not limited to mele travelers) wo fly
specifically to reach locations where they may engage in sex more freely than
at hore (“sex tourian’) . Such behavior has public health inplications due to the
spread of disease. These practices are mede even more dangerous ard exploitive
due to the practice of inporting waren ard girls from thivd world countries
expressly for sexual purposes. Finally, Simon Calder addresses the status of
civil aviation. He notes that sare airlines have de-evolved to the point where
they promise nothing - ard then deliver it. Dealing with modem airports is rno
more relaxing for the traveling piblic. Calder aoncludes by stating: “wiolent or
aggressive behavior by passengers can never be justified, but the reasans for it
can be understood, and steps taken to reduce the causes of disruption” (to
include improved service ard a reduction in the amomt of aladhol offered to
passencers, particularly those in the premium classes) .

Bor’s bock will not be considered light reading by amyone lucky encugh to
have an gpportunity to study the wisdom contained within its covers. As noted,
it is also not perfectly amsistent fram dgpter to depter . For those of us who fly
m a regular basis, however, dotaining and studying this bodk promises to retum
Suostantial
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In gereral, the role of aviatim is aly brdefly taudhed uom in histarical trest
ments of World War I, also referred to as the Great War . Histordians foous prima-
rily upmn causative events leading up to war, postwer diplaracy including Wilsyy s
fourteen points, and terms Germany was forced to accept under the Versailles
Peace Treaty. Because of the role this treaty played in leading to a Secad
W orld War, positive aotributians of World War One Aviation has not been ac-
corded the study it deserves.

Dr. Cooke successfully used miltiple primary, secondary, wunit histardes, ad
periodical articles while atteanpting to detail contributians by the Uhited States
Air Service to the Great War .As stated in his introductian, this work started with
research into the Rainbow Division, camposed of National Guard units from 26
states and the District of Colurbia. The four infantry regiments were respec-
tively 165th (formerly New Yak' s 69th), 166th (formerly Chio’ s 4th), 167th (far-
merly Alabama’ s 4th), and 168th (formerly Towa’ s 3rd) . It was durirg his Rain-
bow Division research Dr. Cooke realized the division usually contained sare
form of aviation assets: either parsuit aircraft or doservation kalloms, or both.
He also states the official for-volure U.S. Air Service in World War One an-
tained a wealth of information. However, this resource failed to agoreciate and
tie together the larger picture of how qoeratiaal aviation assets (pursuit, doser-
vation, and bombardment squadrons) logistically cperated with maintenance,
supply, and U.S. flight training occorring in England, France, ard the United
States.

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-502-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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Dr. Cooke attenpts to integrate all aspects of aviation together by concen-
trating anly upmn American Air Power and its use toward a successful allied
prosecution of the war. Before the war, aviatio in America was a novelty most
individuals regerded as foolish with anly a few individuals, primerily the Aero
Club of America, calling unsuccessfully for aviation to be adapted for military
needs. The work begins by cutlining American Congressional and War Depart-
met attitudes towards military aviation. After American entrance into the Great
War in 1917, military aviation assets existed but not in sufficient numbers to
Supcort American Ground Forces against German Airpower . Ix. Cocke takes
the reader an a joumey fran Averica’ s early period of aviation unpreparedness
to creatim of a strayg aviation amm within the U.S. Military. Once Congress
apporoved. the aviation wing of the U.S. Military, it had to ke orgenized, schools
amstructed, pilots trained, egquipment trensported to Burgee ard further training
conducted in the war zane. This effect began with few assets and less experi-
ence.

The bias aviation encountered by traditicml military coroat avms is pre-
sented alag with the attenpt by aviation-minded individuals to work with tradi-
tioal caret arms. If not for attanpts by aviation-minded individuals like Billy
Mitchell, Frarnk Lalm, ard individuals who previcusly had flown with either the
Royal Flying Corp or Lafayette Escadrille, the American Air Service ef fots, fird-
ing itself in a new tedrological war, would have been greatly hindered. This is
evident with the discussion of air goeratians during the Marme Conteroffensive,
St. Mihiel Of fensive, and battle for Meuse-Argarme. The author does not stop
here ut takes the reader through both demdbilization and occupation duty .

This bodk is significant in the fact that it explares World War One Aviatian,
ot fram a pilot or unit perspective alayg with the glory those pblicatians terd
to imortalize, but from a military comend and control perspective. Subject
matter such as this is sericusly needed in Great War Aviatim histary. Mature
sdolars with an interest in American Air Power organization during World War
T Peranautical logistics, or military comend and control functions should read
this bodk.

Tt is readily apparent both students ard staf £ in attendance at the U.S. Air
Force Air War (ollege would utilize this work, rich with unit runbers ard statis-
tics, which non-sdwlarly and individuals without previcus military experience
might find tedicus. Having retived fram Naval Aviation, I fesl thismilitary experdi-
ence is essential for aarprehension of each political decision or ratiawl for
each command and control policy adopted during the war.
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